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"Today, no one but a fool would share the opinion 
of Henry Ellsworth, the Patent Commissioner, who in 1845 
recommended the closing of the U. S. Patent Office because 
he thought everything useful to man had already been 
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Elliot F. Higsins, "New Product Developnent~-Selec- 
tion--Coordination--Finaneing,”" National Industrial 
Conference Board Report, No. 40 (New York: National 
industrial Conference Board, Inc., 1950), p. 3. 
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INTRODUCTION 


Today research and development is big business. The 
United States is spending more money for research and develop- 
ment in one year than was spent between the signing of the 
Declaration of Independence and the end of World War IT. 
Since the late 1980's the results of industrial research 
have been spectacular. The advances in space technology, 
weaponry, and other technological advances have emphasized 
the point that management can only sense what may affect its 
operations about a year or two ahead. This point is further 
reinforced by the development of whole new industries, such 
as the multi-billion dollar electronic computer industry. 
Here the significant point to management is not the fact of 
innovation, or even its size, but the fact that the original 
developments of computers were made by newcomers, not well 
established large producers of business machines and associated 
equipment. The well established, large companies found them- 
selves forced into the field by competition. Therefore, today 
few industrial executives will dispute that research is 
needed for competitive survival alone, to say nothing of 
frowth and diversification. 

In a recent report the National Science Foundation 
had this to say about research and development: 
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industry's quest for continued progress in 
Science and technology to meet the demands of 
the Nation's aerospace, defense, and welfare 
programs, as well as the competitive search for 
new preducts and proeesses, has made research 
and development one of the fastest srowing 
activities in the industrial sector of the 
economy. The spectacular accomplishments in 
science and technology in such diversified 
fields as electronics, nuclear ener space 

$ BY, Sp 
exploration, and medicine in recent years 
highlight the crucial importance of research 
and development in the modern world. 

Wath the amount of money being spent each year for 
R and D, managers are thinking more and more about the 
results obtained from research expenditures. Today researchers 
and sclentists have been taking the credit for changing the 
world, but what is the real worth of research in a corpora- 
tion? 

The question that must be asked is whether share- 
holders are getting projects or profits from research. 
Research can be an insidious leech on profits and costly 
to the shareholder if not properly managed. @ 

What are the objectives of research and development 
in the company? R and D can be targeted toward the reduction 
of costs, improvement in product quality, the reduction of 


maintenance costs, the development of new products, better 


use of present products, development of substitutes for 





INational Seience Foundation, “Research and Development 
in American Industry, 1961," Reviews of Data on Research and 
Development, NSF 62-32, No. 368, September, 1962 (Washington: 

U. S. Government Printing Office, 1962), ps 3. 


2Maurice Helles, “Has Research Been OQversold?® 
industrial Research, IV (March, 1962), 19. 
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existing products and processes, and a multitude of other 


Research is expected to pay off. How do we 
evaluate R and EB and what yvardsticks do we use? 

Control is ever present in management circles. A 
problem exists in R and D to strike a happy balance between 
control, and yet allow a freedom of creative effort on the 
part of the scientist. How are some of these principles of 
control applied and what are the tools of control at the 
disposal of management? 

How much money should be spent on R and DB? A 
company cannot spend sc much that nothing is left for tooling 
and promotion of the product. <A company that spends money 
on research without having set aside venture capital for 
exploitation of research results is buying 4 useless piece 
of equipment. 

XYZ Company, for example, actually was successful 

in developing a fuel cell for a specialized applica-~ 
tion. But to fit the detailed specifications of 

the application, almost $3 billion was required 

for the design of an engineering prototype and 
product equipment. Because the budget was ex- 
pended in the research, no funds were available 

for tooling and the project was scrapped.1t 

Dollar returns on R and D investment may be slow. 
Product or process improvement takes on the average of one to 


two years to complete. New product or process development 


may take From five te ten years. Fundamental or basic 





lnarold W. Rice, "Realistic Research Administration," 
Industrial Research, III (June-July, 1961), 63. 
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research is a real gamble, for here the scientist is seeking 
new knowledge. Yet basic research is what produces new 
products and processes which may pay off by profits when 


uses are commercialized. 


The foregoing discussion indicates to some extent 
the wide scope of the problems involved in research, and 
the need to plan and manage same. The need is hardly in 


doubt, but the how is the question that must be answered. 
Three management groups are directly involved: 
1. Top management knows that their organizations 
must engage in research and are aware that this function 
of their business is risky, competitive, and costly. They are 
aware that better techniques must be found to evaluate, organ- 


ize, and control research activities within their jurisdiction. 
2. Research directors who are confronted with project 
and program selections are constantly aware of return on 
investment and the technical feasibility of their projects. 
They must also cope with budgets, capital investment requests, 


recruitment of technical personnel, etc. 

3. Controllers, while unfamiliar with the details 
of research and development, are, nevertheless, concerned 
with research budgeting and the control of costs.t 

Willard C. Asbury, Vice-President of Esso Research 
and Engineering Company, has this to say about industrial 


research, 





learl Heyel, “Industrial Research Today," Handbook 
of Industrial Research Management, ed. Carl Heyel (lew 


York: keainhold Publishing Corp., 1959), pp. 13-14. 
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Industrial research today is no longer to be looked 
upon as a staff or service activity; rather, it is 

an operation engaged in creating a product. This 
product is technology, a tool that should be provided 
at an attractive cost to, and used by, other areas 

of the company's operations. 

Successful management of industrial research, 
therefore, requires taking the attitude that this is 
a business, to be managed as a business. Successful 
management calls for a careful planning to meet the 
needs: proper selection, establishment, and direction 
of the research projects, and the careful control 
over the costs so that the technology is created at 
an outlay that will make it economically useful. 


Gilbert Kelton, Program Manager of Emerson Research 


gs 
Laboratories, in discussing the need for an R and D 
organization makes the following statements: 


First, clear-cut objectives should be defined. These 
might include over-all company objectives, customer- 
company objectives, and program objectives. Second, 

a “modus operandi™ should be established. It may be 
somewhat flexible, but always in keeping with the 

desired objectives. Third, the framework should be 

such that it will tend to aid rather than hinder the 
overall operation, Finally, evaluation and re-evaluation 
should be an integral facet of organization in order 

to determine the effectiveness of an operation, ... 


It is the purpose of this thesis to study some 
of the planning, organizing, controlling, coordinating, 
and evaluating management techniques as applied to the 
environment of today's industrial research and development 


administration. 





Li, C. Asbury, “Establishing Research Projects," 
Handbook of Industrial Research Management, ed. Cari 
Heyel, pe i183, 





2 a * 
Gilbert Kelton, “Program Management: Panacea or 
Pandemoniun," Research Management, V (January, 1962), 60. 
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DEFINITIONS 


The lack of generally accepted terminology is one 
of the major problems in discussing research and development 
management and administration. Therefore, before continuing, 
and in order to eliminate semantic problems, it might be 
well to define the general terms associated with industrial 
research and development (hereafter also referred to as 


R and D). 


Research and Development are defined as basic and 
applied research in the sciences (including medicine) 
and in engineering, and design and development of 
prototypes and processes. The definition does not 
include quality control, routine product testing, 
market research, sales promotion, sales service, 
research in the secial sciences or psychology, 

or other non-technologiecal activities or technical 
services, 


Research is theoretical analysis, exploration, and 
LTTE: « e ° 

experimentation directed to the increase of knowledge 
and thereby the power tec control phenomena, 


Development is the systematic use of scientific 
knowledge directed toward the production of useful 
materials, devices, systems or methods, including 
design and development of prototypes and processes. 


Pure Research is a search for facts and knowledge 
without any reference to their application. The 
motivation for this research usually is scientific 
curiosity. 


Fundamental Research is a search for new knowledge 

mM a general freld without any reference to specific 
applications. The motivation for this research 
usually is the realization that any diseovery in 
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the general field being explored will prebably 
permit its application by the organization doing 
the work. 


Basic Research represents original investigation 

for the advancement of scientific knowledge, which 
does not have specific commercial objectives, 
although it may be in fields of present or potential 
interest to the reporting company. 


Applied Research. Research projects which represent 
investigation directed to discovery of new scientific 

knowledge and which have specific commercial scbijectives 
with respect to either preducts or processes. Note 

that this definition ef applied research differs from 
the definition of basic research chiefly in terms of 
the objectives of the . .. company. italics mine) 













Invention . .« e« aims not at the disclosure but at 

the practical application of a principle which may 

be fully or only partially apprehended. The inventor 
igs concerned with immediate ends and normally with 
limited problems of materials and methods. In 

effect he simply directs and experiments to yield 

a predetermined result. 





lone term Basic Research is generally used very 
ieosely as a synonym for either Pure or Fundamental Research, 
Pure research is directed toward increased scientific 
knowledage and applies primarily to research activities 
in colleges, universities, and other nonprofit institutions. 
Because this definition does not take into account commercial 
goals, it has little application in industrial research. 


‘The definitions of Research and Development, 
Development, Basic Research, and Applied Research are 
quoted directly from National Science Foundation, “Trends 
in Funds and Personnel for Research and Development, 
1953-61," Reviews of Data in Research and Development 
§ $ 

NSF 62-9, No. 33, April, 19652, p. 8 and "Research and 

S opm in American Industr: : LEews . 
Development in Am e Industry, 1961," Reviews of Data 
in Research and Development, NSF 62-232, No. 36, September, 1962, 
LEELA DLL LLL AAA E ELIS LIAL LLL LALLA LLIN D 
Dp. 12. The definitions of Research, Pure Research, and 
Fundamental Research are quoted directly from George WwW, 
Howard, Common Sense in Research and Development Management 
(New York: Vantage Press, 1955), pp. ll-i2. These three 
definitions are elaborations of those adopted by the 
Industrial Research Institute in 1948 and the Joint 
Research and Development Board in 1947. Invention is quoted 
from James Brian Quinn, Yardsticks for Industrial Fesearch 
(New York: The Ronald Press Company, 1959 
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Another widely used term in the lansuage of research 
is technical service or technical research. When this 
function is considered a part of the research activity it 
applies to taking immediate corrective action on pressing 
sales or manufacturing problems which might have an effect 
on corporate earnings. 

It is abvious from the above definitions that 
research and development covers a variety of activities and 
purposes, including: research of new products and processes; 
improvement of existing products and processes; finding new 
uses of present products; solving technical problems; and 
expanding general knowledge, Illustrated below is an 
example of the way research and development activities are 
classified by a large chemical company: 

1. Pesearche-Néew Products 
Includes all investigative costs in this company's 
laboratory or elsewhere up to the point where 
the preduct is ready to be marketed. 
Research~«Cost Reduction 
Includes ali laboratory and pilot plant work 


having as its objective reduction in anost of 
present operations. 


BD 
e 


3. Research--Maintenance of Operation 
Covers laberatory and pilot plant work on going 
processes under control of the manufacturing 
department where this work is made necessary 
by circumstances such as unsatisfactory quality, 
development of a new raw material or factory 
processes that are not working satisfactorily. 


u, FPesearch--Quality Improvement 
Covers laboratory and pilot plant work to 
improve quality of & product already on product 
name list. 








De 


be 





NACA. Bulletin, XXXVI (Jun 


Technicai Service 

Includes laboratory and pilot plant work performed 
specifically as a service to ancther department 
within the company or for a customer or prospective 
customer. 


Product Development 

Includes work to develop new uses for existing 
products and financial analyses of suggested new 
products including estimates of production costs, 
selling price, and required investment. 


Manufacturing Carried on by Research 

Includes time of research personnel spent in 
connection with actual plant operations which 
are still under contrel of the research department. 
Miscellaneous 

Includes all activities not covered above such 

as committee work, library, general research. 


i ; 
"Accounting for Research and Development Costs," 
@, 1955), 1376-1377. 


CHAPTER I 


A SROWTH RECORD FOR A DECADE 


In April 1962, the following statement was published 
by the National Seience Foundation concerning research and 
development activities in the United States: 

The Record for a Decade. From 1951-52 through 
1960-61, cumulative operating expenditures for 
research and development in the Natural sciences 
toteled roughly $80 billion, about four times 
the estimated comparable amount for the preceding 
10 years, The $89 billion investment, which 
excluded expenditures for plant and equipment, 
compares in magnitude with the Federal budget 
for fiseal year 1961, which was also about 

e + «# 4 
$80 billion.+ 

Anyone whe follows world developments is struck 
by the realization on the part of all countries that their 
future is largely dependent upon the advancement of their 
own Science and technology. What is not fully realized is 
the rate of acceleration of science and technology. 

Research and development performed in the industrial 


laboratories prew at a spectacular rate in the 1950's. The 


trend in funds used for performance of industrial research 





lvational Seience Foundation, Reviews of Data on 
Research and Development, NSF 62-9, p. 1. Data in this 
section is hased primarily on material published by the 
National Selence Foundation. Time periods for R and D 
expenditures are expressed in terms of hyphenated vears to 
indicate a span of one year and to take account of the range 
of business, acudemic, and fiscal years employed by various 
survey respondents. 
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el 
and development in the United States for the past eight years 
is shown in Figure 1. Research and development in dollars 


has approximately doubled in the past five years. This 


ed 


e 


progress is similar in most industrialized countries. 
Figure 2 represents the trend in the Gross National 
Product. In current dollars, outlays for industrial research 
have jumped from $3.6 billion in 1953-54, to $10.§ billion 
in 1360-61, an increase of almost 200 percent. During the 
same period Gross National Product increased from $365.4 billion 
to $504.4 billion, an increase of about 40 percent. Compared 
te this growth in Gross National Product, industrial research 
grew five times as rapidly. 
In 1960, R and D scientists and engineers employed 
in research laboratories in all sectors of the economy 
numbered approximately 287,000, compared with 223,000 in 
1954,° 
The total number of employed in company laboratories 
in 1960 was about 780,000, compared to a total of 200,000 
in 1950. The total labor force in the United States increased 


by only one-eighth during the same period? 





Taran Te. Waterman, National Science Poundation, 
Eleventh Annual Report for the Fiscal Year Ended June 36, 1961 
(washington: YU. S&S. Government Printing Office, L951), p. IX. 









2 * -* ry s hd 
Hational Seience Foundation, Reviews of Data on 


Research and Development, NSF 62-9, p. 6. 





3 oe ; J 
Yale Brozen, “The Future of Industrial Research," 
The Journal of Business of the University of Chicasc, XXXIV 
October, 1061), 444. 
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Picture 1.--Exnenditure of Funds for Research and 
Jevelonment, by Sector, 1953-54 -=- 1960-451,2 
14 


(Billions of Dollars) 
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, “Data obtained from: National Science Foundntion, 
Trends in Funds and Personnel for Research and Development 1953-. 
61," Reviews of Data on Research and Development, NSF 62-9, No. | 
35, Aoril 1962 (vashington: U. S, Government Printing Office, 
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Of the total funds spent in 1960-61, industry was 
the largest apender for R and D, and the Federal government 
was the largest provider of funds as indicated in Figure 3. 
In the latter year industry spent $10.5 billion of the total 
$14 billion spent on R and D, or approximately 75 percent of 
the total. The 7S percent expenditure by industry has been 
the general pattern for the past decade, although the National 
seience Foundation expects industrial performance to go 
higher in the next few years. 

Although the total expenditures for research and 
development are still rising, R and D clearly represents 
only a small Fraction of our total annual expenditure and 
is only a third of what industry spends for new plant and 
equipment. (Table 1). 

The national totals of research and development 
are separately classified according to categories (basic, 
applied, and development) in Table 2. The three components 
of R and D have remained fairly constant in recent years, 
Expenditures for development have been about 70 percent of 
the total, applied research expenditures have accounted for 
Slightly less than 25 percent, and basic research has been 
about 5 pereent of the total. 

Figure 4 shows some striking differences with respect 
to the transfer of funds. The Federal government and industry 
spent the greatest proportion of funds in the performance of 


development, which 18 consistent with the emphasis on space 













—— aie =| = 
- —_ me a a 


a 





> —_—<—  —_—— — 
= — "= 


_ ae a oo > a, .- 

—_ = ‘im —=— «© 

— se = =& & are }' 

_ ——- a ——_- 4 
ae 


» =-—- ——- 


15 


figure 3.--Sources of Funds used for Research and 
- Develonoment, by Sector, 1953-54 -- 1960-61,2 







(Billions of Dollars) 
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“Data obtained from: National Science Foundation, 
'mrends in Funds and Personnel for Research and Develovment, 
1953-61," Reviews of Data on Research and Develonment, NSF 62- 
9, No. 33, Avril 1962 (“ashington: U. S. Government Printing 


Office, 1962), p. 2. 
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TABLE 1.--Business Expenditures for New Plant and Equipment 
and Industrial Research and Development Performed, 














1929-70,4 
LXPENDITURES FOR PLANT, 
NoW PLANT AND INDUSTRIAL EQUIPMENT, 
EQUIPMENT R € D AND R & D 
INVESTMENT 
Billions & of Billion % oF & OF % of 
Year of $ GNP of §$ GNP Investment GNP 
1922 $§ 9.5 9.1 § 6.128 Cie 1.8 9.3 
1988 2262 Sac 1.8 <i fis 9.2? 
1951 2546 Tae 2.5 28 8.3 8.6 
L969 oo wi 7 on wr.) Led 21.0 9.0 
1970 $50 Sal $18 2a 27 S.1 
(proiected) 








“Source of data: Yale Brozen, "The Future of 
Industrial Research,” The Journal of Business of the 
? 


University of Chicago, XAXIV (October, 1961), 437. 
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TABLE 2.--Funds Used in the Performance of Basie Research, 
Applied Research, and Development, 1959-60. 








(millions of dollars) 


Amount 

seetor Development 

Total $8,620 
Federal Governnent 1,160 
Industry 7,259 
Colleges and 

universities 170 
Other nonprofit 

institutions 50 





b e > » * reny, e 
source of data: National Seilence Foundation, 
Review of Data on Research and Development, NSF 62-9, April 
£862 (Washington: U. S. Government Printing Office), p. 5. 
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19 
projects and national seaurity. Basic research occupies 
the foremost position in eolleges and universities. 
Figure § indicates the percentage distribution of 
funds for performance of R and D by industry in 1961. As 


the chart indicates, industry contributed a substantial 


percentage of the national pool of funds for R and D. It 


is quite obvious that some industries are more research 


> 


minded than others, and in any industry some companies are 
more research oriented than others. It is of interest to 
note that in 1961, the $3.6 billion for Federal projects in 
the aircraft and missiles industry and the $1.6 billion in | 
the electrical equipment and cosusunications industry comprised 
8G parcent of the federally financed industrial research and 
development. 

Although it is obvious from the above discussion 
that the Federal government is financing a considerable amount 
ef research and development, the bulk of these expenditures 


2 
é 


are in space and defense oriented industries. However, the 


@ 


ority of industries was financed | 


Life 


R and D performance of the ma 
primarily from company funds (Fissure §). Industries that 
financed 90 percent or more of their P and D projects with 
company funds were paper and allied products3 stone, clay, 
and glass products, food and kindred products; primary 
metals, and petroleum refining and extraction. 

Many of the managerial problems in industrial 


research stem from the rapid prowth rate of R and D during 
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Peewee 5 —=Percentace Distribution of funds for Porfornance ope 
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Company Funds oe Federal funds 
80 60 40 le a — 60 80 


tome 
ALL ere 
WAT | 
LZ Za 


| Machinery ZAZA, | 
Products (MLE ZEA 
Products ZAZA 









Mipeorta tb and. 
missiles 






wLectrical « 
coum. 201d. 













Dye race, 
ae Sco, 





Proress1 onal 
tiie cruMenis 






















Trans. Bqul ZAZA | 


Chemicals & 
Allied Prod, 













fe 


Lea ioc 
Anvnerel 
















Petroleum 
nefining 


fon 


ALN 






Food & kine 
ared Frod. 


NL 










Paner & 


ec Prod, | 





EINN 






aata ee ee etaeneee Science Foundation, 


tt 


of Date on Research and Develooment, NSF 62-32, No. 


Sentenber 1962 (“ashington: U. S, Poe ear Printine Office, 
1352). Denke 






Resocreh and Develonvment in American Industry, 1961," Revie-"s 








2 
the past decade. Most companies boost their annual 
expenditures for research by substantial amounts and it 
is not at all unusual for some companies to increase annual 
expenditures by aS much as twenty percent per year. However, 
the management of many companies is becoming concerned about 
the amount being spent for product development which does not 
pay of f in the market place. Secause profits are not in 
line with the amount of money expended for research, manage- 
ments of many companies are looking toward improved methods 
of research management. 
In an article devoted te the problem of rapid growth 
of industrial research and development, William L. Swager, 
Assistant Manacer, Department of Economies of the Battelle 
Mamorial Institute, sums up the present research situation 
by savings 
Any living organism, organization, or group activity 
tends to get out of control if it prows too rapidly. | 
So it is with scientific research. Research in its 
broadest sense covers the entire spectrum of technical | 
activities--research, development, and engineering. 
The rapid growth during the past twenty-five years | 
of this continuum of activity called research which 
defies further precise subdefinitions has been con- 
Sidered by many to be far from orderly and controlled. 
Because of the rate of growth and for other reasons, 


many executives consider research to be a serious 
managerial problem.+ 





William L. Swager, "Impreving the Management of 
Research,” Business Horizons, II (winter, 1959), 42. 
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CUAPTER ITI 
PLANNING POR RESEARCH 


The benefits of Long-range planning of all corporate 
aotivities, including a total corporate or "master" 
plan, are widely recognized. Most companies of 

any Size now have at least a fiveeyear plan. Long- 
range planning helps insure continuity of profits 
and permits timely corrective action where a look 
inte the future shows unfavorable situations develop- 
ing. It permits capitalization on opportunities 
provided by changins technological, market, and 
competitive trends which are difficult to appreciate 
On a year-to-year basis. If a company does not have 
a longerange program for its research, as well as 
for other activities, it ineurs the hazard of losing 
position because its competitor does have such a 
plan e 


Long Range Corporate Planning 


All research is not good research. A company should 
only support a research program if it provides the moet 


effective and most inexpensive method of reaching company 


5) 


~ 


, 


oals. Thus overeall, both short and long-term, company 


e 


wrod & 


objectives will help guide the research efforts of a company. 


4 


ar too frequently the research program of a company will 


drift toward the studies which intrigue a particular scientist, 





William E. Hill and Charles H. Granger, "Management 
Objectives and Basis for Evaluation,” Handbook of Industrial 
Research Management, ed. Carl Meyel, p. 3s. 


is 
Q 








eg 
or toward pet projects of some top executive. These projects 
are often cestly and do not bear any resemblance to the 
needs and plans of the company. 
tlenri Fayvol at the turn of the century expressed the 
need for formulation of Longsrange plans and the establishment 
of company goals in his General and Industrial Management. 
The maxim, "managing means looking ahead," 
gives some idea of the importance attached to 
planning in the business world, and it is true 
that if foresight is not the whole of management 
at least it is an essential part of it. To forsee, 


eo «© © M@ansS both to assess the future and make 
provision for it; . . 2 


But why do some managers fail to establish company objectives 
which are meaningful guides for proper research planning? 
One reason is that goals are often defined se strictly that 
potential research programs are curtailed due to inflexibility. 
And in other cases goals are so broad that researchers have 
no guidelines to adhere to and are thus ineffective, to say 
the least. Management must define what research is to contri- 
bute to the organization and how it is to go about it. 

In addition, management must establish a proper 
balance between Long-term and short-term goals. Too frequently 
top management thinks only in terms of the short-run competi- 


tive market and neglects the long-range outlock. Professor 





‘eee Fayol, General and Industrial Management 
(New York: Putman Publishing Corp., 1849), pp. 43-52 
qucted in Harald Koontz and Cyril O'Donnell, Readings in 
Management (New York: McGraw-Hill Book Co., Inc., 1959), 
pe SUE. 
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James Brian Quinn of Dartmouth College, who recently conducted 
an extensive study of industrial research and development, 
has this to say about the balance between short-term and 
long-range goals: 

The longer-term, perhaps more important, opportunities 

and dangers are forgotten under the day-to-day pres- 

sures of market competition. Although development 

work can sometimes solve problems which arise from 

short-term operating difficulties, applied and 

fundamental research can only support objectives 

which remain stable for three to seven years, or 

until their results can be exploited, Henee, top 

management must provide meaningful, lons--term 

objectives .. + 

Management expects the R and D department to do an 

excellent job in the area in which it has determined the 
department should be concerned. If K and D comes up without 
a top notch job in seme other area, management will probably 
be unimpressed. This gets back to ebjectives. Some companies 
have objectives for R and D, and others do not. Small com- 
panies getting started may not have objectives. There is a 
strong feeling that a growing company should be dynamic and 


free from interference. However, after a company has grown 


there should be a stabilizing influence. 





Ganas Brian Quinn, “Long~Range Planning of Industrial 
Research," Harvard Business Review, XXXIX (July-August, 1961), 
89. The above guote and subsequent comments in this chapter 
regarding the planning of industrial research are largely 
the work of James Brian Quinn, Professor of Business Administra- 
tion, Dartmouth College. Professor Quinn has conducted exten- 
sive surveys of current industrial research practices. The 
two major sourees of Quinn's used in this chapter include the 
reference above and Guinn, "Top Management Guides for Research 
Planning,” Technological Planning on the Corporate Level, ed. 
James PR, Bright (Boston: Harvard University, 1362), pp. 169-200 
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Corporate Objectives 


It is essential that there be .. . total company 
ebjectives of such scope and vision as to provide 
maar tare Os guidance to product research programs 

ses 

in order to establish a firm set of corporate 
objectives which stimulate research in the proper direction, 
certain long-range planning problems must be considered. 

The company must First decide in what kind of 
business it wants to he. Here the company must consider the 
kinds of markets in which it will compete, and the functions 
its products must perform for the customer. For example, an 
electronics company should decide whether it wants to be in 
the transmission business only, or whether it should consider 


many phases of the industry, such as consumer appliances, 


ndustrial controls, information processing devices, etc. 


> 


Obviously a "broad line” company will have different goals, 
and therefore a different research program from a “narrow 
Line" company. Companies with top-ranking laboratories, such 
as bell Laboratories, have taken a non-traditional approach 
to research and have been responsible for startling advances 
in industrial technology. 

A second problem which must be faced in formulating 


objectives is the rate of growth of the company. A company 





: 
ds ° ° 
Robert M. Bowie, “Aligning Product Research Progress 
with Total Company Objectives,” Research Management, V 
(January, 1962), 31. 
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must determine its growth rate dependent upon its particular 
limitations. These limitations include persennel, resources, 
and markets. Too rapid a growth rate may often be as 
disastrous as too little. Companies have experienced a 
rapid growth on the basis of a new discovery and then 
collapsed because of insufficient capital and poor organiza- 
tion to support itself. Each company must determine its 
limitations and adjust growth rate accordingly. 

A third factor concerning corporate objectives is 
the overall direction of intended growth. A decision must 
be made as to whether development should be vertically within 
its present market area or horizontally into new areas and 
markets. In other words, should the company be "narrow line” 
er "broad line” in its research and development efforts? 
The decision as to the type of growth intended vastly affects 
the scope of the research program. 

A fourth consideration is to what extent growth is 
to be dependent on research. Research, after all, is only 
one Gf the many methods of company expansion. If growth 
through research is intended, the organization and planning 
of the company must be adjusted in accordance with this policy. 
Factors which must be considered are (1) that the return on 
investment may be longer, (2) operating departments must be 


ob 


technicaily oriented to be ready to follow up on research 
achievements as they appear, and (3) capital planning must be 


flexible enough to provide funds for long investment cycles 
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27 
which are oftentimes characteristic of research activities. 
Another factor to be considered in determining 
corporate objectives is the desired "image" of the company. 
Often a company desires te appear progressive in order to 
attract top flight technical people, to increase confidence 


e a » 


in its products, and in general to present an image of 
technical progressiveness.?+ 

The image of a company has through research been 
carried to extremes in some cases. There are companies in 
existence today which are involved in research not to preduce 
new Or improved products or processes, but to maintain the 
status quo, or to “spend big" for research, because it 
represents a status symbol. There are other corporations 


which have built extravagant laboratories primarily for the 


benefit of investors, 2 


As a last consideration, most companies have a 
natural growth pattern for their future development. Because 
of special patent situations, special know-how, distribution 
advantages, or other unique advantages, a company may have a 
Jump on competitors. A company should seriously consider 
these natural advantages in establishing corporate goals. 


For example, in the ease of Litton Industries, although the 





1 
CfF., Quinn, "Leng Range Planning of Industrial 
Research," Harvard Business Review, pp. 89-90. 


? ® 
“Nelles, loc. cit. 
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28 
company had not been in the office machine business, a 
special background in electronics made entry into the 
electronic computer field a natural growth opportunity. 

The considerations concerning objectives, or perhaps 
more properly classified as targets or goals which have just 
been described, concern the over-all business objectives. 

A decision concerning these by top management establishes the 
broad nature of the enterprise, and the general direction in 
which it is going to move. These objectives should be more 


or less permanent and should stand for a number of years, 


Problems in Setting Objectives 





Although it is apparent for proper research planning 
that objectives must be established, it is also apparent 
that mistakes are made in dealing with objectives. For example, 
many companies change their objectives to meet urgent competi- 
tive pressures. In many instances the organization becomes 
accustomed to the management attitude of "profit now, object- 
ive later." In other words, research becomes a short-term 
service activity without a supporting long-range plan. In 
other cases objectives are teo broad and general in nature, 
Such over-generalized goals are couched in terms such as 
"srowing as rapidly as possible, diversification in any 
profitable field, maximize profits," ete. Objectives of this 
type do not stimulate research in the proper direction. On 


the other hand, corporate objectives can be too specific. 
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Professor Quinn describes cbjectives of this type as follows: 


Some organizationally immature operations overplan 
research by setting goals in too great detail. 

such goals take either of two forms: (a) specific 
materials, pieces of hardware, test measurements, 
components, etc., demanded by operating groups, 

or (b) step-by-step experimental goals. Such 

goals occur when operating or staff groups dominate 
the research function. The obvious resuit is that 
research is constrained in its approaches to problems 
since it is told how tc do the job, and not what 

ig te be done. 


All organizations must look ahead and must set goals 
for long-range planning. On the issue of short-term orienta- 
tion of decision and plans a chairman of the board of one 
large corporation had this to say: 


Any damn fool can make a profit for a month--or 
even a year-~by gutting the organization's future. 
Top management's job is to keep the company 
"future oriented." We try to do this by using 

a complex of long-term management controls. we 
play down the use of current profits and return 
standards in any rigid sense. And we purposely 
use intuitive judgments concerning how well each 
operating unit is building its organization and 
technology to meet future demands. Seo far we have 
resisted taking on board members from banks and 
Financial houses because we think such peeple over 
emphasize current profits at the expense of future 
strength. 


The point thet should be emphasized is that for 
maximum benefit to the corporation objectives should be 


long+term in nature, based on what the company wants to be 





2 
James Brian Quinn, "Top Management Guides for 
Research Planning," Technological Planning on the Corporate 
ei d, James RR, Bright (Boston: Harvard University, 
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30 
in the next ten, twenty, or thirty years, and how they plan 
to grow. Without proper guidance from objectives, programs 
wili tend te drift toward studies that fascinate researchers, 
toward the pet prejects of top executives, toward sales 
service, or other short-term functions with little regard te 


the long-range outlook. 


rorecasting 


Having established the basic corporate objectives, 
the company should look ahead to the forecasts of future 
product needs and trends. This is an important prerequisite 
before detailed plans are arranged for research implementation. 
What types of forecasts and trends are important? 

Forecasts may generaliy be broken down into three 


separate categories for long-range planning purposes: 


Mi 


economic, sociological, and technologieal.* Considerations 
and requirements of the individual forecasts will be discussed 


in the following sections. 


Economic FPorecasts 

Longerange research planning should be based on 
general trends in the economic area. The purpose generally 
associated with the economic forecast is to ascertain to what 


extent the economic climate of the future will allow 





1 
Guinn, "Long~Range Planning of Industrial 
Research," Harvard Business Review, pe. 91. 





a. 
introduction of certain types of technology. In general, 
this type of Forecast will be an expression of the prebability 


of moving into certain areas. 


Seciological Porecasts 

Although this type of forecasting is semewhat less 
common than economic forecasts, it is gaining in emphasis 
in many large companies. This type of forecasting emphasizes 
the ways various social and institutional factors may impinge 
en a company's future in research planning. Factors which 
should be considered include the nation's demographic struc- 
ture, such as the size, location, age, and economic distribu 


n the 


be 


tion of the population five, ten, or fifteen years 


he 


or 


future; the role of the government in the economy; 
general international, political, market, and monetary 
Situation; and the availability of skilled labor and trained 
scientists. Forecasts of this nature have led some companies 
into research programs which more limited considerations would 
have not indicated. Demographic factors have led scientists 
into such fields as geriatrics, synthetic foods, recovery 
of water from the sea, various exotic sources of food, and 
chemical methods of contraception. 

Some companies are bepinning to orient some of 

their technological thinking toward arms control. 

This move is based on 4 changing U. S. and 


international attitude toward such activities, 
as well as the prowing potential of a multi- 
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Dillion-dollar business in arms control a 


the field of sociological forecasting many 
companies are enlisting the professional services of consult- 
ants and other proups such as the Long Range Planning Service 
cf Stanford Research Institute. The most important factor is 
that management must not be waylayed by traditional approaches 
to research planning. They must take a broad lock at techno- 


logical opportunities for maximum benefits 


Technolosical Forecasts 


The factors to be considered in technological fore- 


poe 


casting are generally in the scientifie area, the company's 
present and potential customers, and company competitors. 
Primary managerial considerations in this area include the 


3 4 


kind of organizations which will be useful in predicting 


G2 


technological change, the information necessary for planning 


e e 


and the problems in forecasting threats and opportunities in 


the scientific field. 

In forecasting the general scientific area, some 
companies have developed grids of all the basic sciences which 
might potentially impinge on operations. Each scientific 
Field is reviewed on two bases. First, the company investi- 


» 


gates whether the seience is showing promise of rapid develop- 


* * a 


ment, iS making rapid contributions, or is comparatively 





a hee Management Cuides for Research 
Planning,” Technological Planning on the Corporate Level 
PD. 182-184, 
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dormant. Secondly, the company evaluates whether 


the science 


is developing in the direction associated with the company's 


* 


goals. 


With this information the company determines whether 


oer not an increased emphasis is required in the fundamental 


program of research and development. 


Other companies select specific areas for 


study which 


top management or research directors feel might eventually 


infringe on company projects. 


Some companies have projected the future state of the 


art in technological fields by using forecasts of 
sociological factors whose change will create the 
technology. With this information the forecaster 
to predict future technical needs in a particular 

Still other companies use a more informal 
forecasting technological changes. 
directors say that they know what all competitors 


on in their research labs.” 


critical 


need for 


oy 


ttempts 
field. 


method of 


For example, many research 


are working 


One of the most important forecasting areas is the 


investigation and prediction of present and potential 


customers of the company. 


Market researchers routinely look 


ahead three to five years, but often get bogged down in 


present needs. 


In Quinn's twoeyear survey of thirty-five 


maior 


companies in the chemical, electrical, electronics, basic 
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34 
metals, and pharmaceutical industries, some specific fore- 
casting techniques were found. Three of these which he 
mentioned in a conference at the Harvard Business School 
in 1961, and which could propel a company into new or 
expanded markets are: 


A glass company considers those properties of its 
product (glass) which are unique into it, i.e., 
exceptional tensile strength, chemical resistance, 
translucency, ductility, ete. It then seeks to 
identify present and potential markets in which 
consideration of one or more such properties is 

a dominant factor. Its applied research program 
then seeks glasses with intensified properties 
needed to meet recognized market needs, Its 
fundamental program seeks primarily to Further 
isolate and understand the properties of various 
glasses. 


A chemical company invites its customer's 
technical and management personnel to seminars 
at which they discuss their developing scientific 
problems and learn about the sponsor's own current 
research programs. The company then tries to meet 
defined needs through its own R and D program and 
through cooperative research with customers. 
@ ® 6 a e e a 3 e o e 2 3 9 e 3 6 ° % eo @ * @ e © 

One company has @ longyerange .« « « BYrOUD « « « 
charged with loneerange thinking in customer and 
potential customer companies. .. . They try to 
meet future technical needs--three to ten years 
ahead. The group claims to be able to spot needs 
and opportunities that customers themselves cannot 

Zz 


S@¢. « « « 

In general, proper forecasting cutlines the petential 
threats and opportunities for long-range planning for the 
research program. Present research 15 compared with forecasted 
needs; gaps are noted and the key facts associated with these 


gaps are identified; present prorrams are reviewed to see 
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35 
which programs are being worked on and if progress is being 
made; and past experience is considered in determining the 
probability of success for projected programs. With this 
past history and future trends and forecasts, planners can 


look ahead to what is needed for future growth. 
Corporate Profit Objectives 


A corporation's principal responsibility is to make 

a return on investment on the part of its stock-~ 
holders; to do this they must produce products ... 
at a profit. Inasmuch as competition is continuously 
raising its ugly head to minimize these profits, 
steps must be taken to counteract this. The only 
dependable recourse in most cases is... a resea 
program. . . .» The gain from research ...#is a 
profitable business.+ 


Having set the basic corporate objectives and having 
estimated the technological, economic, and sociological 
trends of the future, management must then determine corporate 
profit objectives. Return on investment and growth in 
earnings are undoubtedly the most crucial quantitative profit 
standards a company has. 

The result of profit planning should be the preparation 
of a Five to ten-year corporate plan involving sales, profits, 
and capital requirements, both for existing and new products. 


In this area there are four fundamental steps: 








Arthur R. Lytle, "Can Successful Research Be 
Directed?" Proceedings of the Twelfth National Conference 
e s a a. eT Se a ee eee 
on the Administration of Research (University Park: The 


Pennsylvania State University Press, 1959), p. 61. 
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1. Step one involves an analysis of the company's 
operating; record to date with respect to profitability, 
growth of cash flow, earnings per share, and other measures 
in comparison with other companies and the total industry. 
OQther performance yardsticks might include growth of sales, 
profits, cash flow, and earninge per share as compared with 
other companies. 

2. Step number two involves establishing standards 
ror future profits. Standards will vary depending upon the 
overall company goals, and the company's relative position 
in the industry. For example, Company "A™ in Tigure 6 has 


the objective of maintaining an attractive profit record, 


3 


whereas Company "B" should at least be attempting to raise it 
return cn investment to the average of the industry, or above. 
The industry average can he an important factor, however, and 
sometimes it can be extremely misleading. Operating ratios 
of companies within an industry may vary widely because of 
the various types and sizes of companies within an industry. 

a. The third step in planning future profits is a 
five- or ten-year projection of sales and profits, together 
with the projected capital investment requirements. These 
projections should be based on the various forecasts which 
were discussed in the previous section, and the results of 
market research. 

u. The last step is 4&4 measurement of the need of 


rn 


new products and precesses. This 


s obtained by takings the 


pie 
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38 
difference between the projection of present products in Step 
3, and what the company is doing now. It is ebvious that 
financial resources of the company will determine the 
feasibility of the objectives. 
Research Strategy 

The final consideration by top management in research 
planning is to develop an overall business strategy which 
research is to help support. This strategy supports the company 
growth and profit objectives, is based on future market and 
customer trends, and determines how the company can best meet 


ts objectives in light of competition, opposing outside pres- 


pete 


sures, and its own limited resources, The basis behind a 
strategic plan is to emphasize company strengths, and at the 
same time negate to the maximum extent strengths of the competi- 
tor. Obviously, no company is pre-eminent in all fields. Be- 
cause of Limited resources, each company must expose itseif 

to some risks and pass up some opportunities. 

As a starting point a company must minimize serious 
technological threats which will affect its existence. So asa 
start, a company should look toward the technical area which 
must be protected at ali cests. In these areas the company 
must strongly emphasize research efforts because of pure 
competitive survival. 

Next in line in forwmulating a strategic plan is a 
managerial determination and analysis of the areas of company 
strengths and weaknesses. Such considerations will determine 


where a company's program shculd be the strongest. 





Wail and Granger, loc. cite, pp. 39-43. 
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Unless & company adequately assesses its particular 
strengths and weaknesses and develops its resources 
properly around these, it will eventually be a “me too" 
operation, unsatisfactorily trying simply to meet 
competition on all fronts. 


The strategic plan must also insure that sudden advances 
by other companies will not catch the company unaware and thus 
overlook exceptional opportunities in new technological areas. 


There are many problems which management faces in de~ 


veloping a research strategy. Many executives do not recognize 
that growth through research must be backed by entirely differ- 
ent kinds of financial and organizational commitments than more 
conventional market development or acquisition strategies. 


The research approach requires: (1) that management 
think in terms of a five to seven-year payback period 
instead of the two to foureyear period common to other 
investinents, (2) that management be willing to make 
research investments with Less certain information and 
A potentially higher risk than normal operating invest- 
ments, (3) that a flexible long-term capital plan be 
developed to meet the unpredictable investment spurts 
and long investment cycles characteristic of research, 
(4) that operating departments be more technically 
oriented and highly coordinated to achieve maximum 
benefit from research technology, and (5) that the 
overeall organization to be planned to grow flexibly 
from within rather than through acquisition of entire 
experienced operating units from outside. 


Another problem in strategic planning is the frequent 
attitude by management that the company should continue to do 
things as they always have been done. This leads to problems 
such as: 

1. Companies tend to balance their programs to match 
present product lines, sales, or investment patterns rather 
than building programs to meet maximum technological threats 


or to take advantage of opportunities. 





louinn, "Top Management Guides for Research Planning," 
Technological Planning on the Corporate Level, p. 189. 


2Ipid., pe 189. 
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2. Few companies tend te balance their investment risks 
by purposely taking on extremely high risk projects. Instead 
they tend tc research traditicnal products, using standard 
approaches. Although scientists frequently would like to take 
risks, they are too often constrained by management. 

3. Companies generally define their research strategies 
too narrowly and thus do not define themselves adequately 
against the eventual costs of short-term technical orientation. 
Too few companies have really faced up to supporting the truly 
long-term research which is needed to keep U. S. industry in 
the technological forefront.+ 

William E. Hill and Charles H. Granger list five princi- 
pal phases in the development of an over-all lons-+range research 
strategy keyed to company objectives. These principles have 
been followed with considerable success by both large and 
small companies. 

Phase I,-~Analyze the past record and present status 
of research activities, independently and in relation to in- 
dustry practices, in terms which are of maximum utility in re- 
lating research to corporate goals, Five steps are necessary. 

3. Prepare a histery ef total expenditures for research 
activities in dollars, man days, dollars per unit cf company 
volume, percent of sales, percent of prefit, ete. Such data 
will establish historical over-all parameters of the research 
activity. 

2. Analyze historical project activities in dollars and 
man days by class of research (basic, applied, development), by 
application (quality improvement, new products, cost reduction, 


ete.), by broad product categories, by markets involved, and by 





iibid., p. 190. 














a, 


—_—————_ oH ee ee oo 7 
a ah ele - 
 —— ae - 


a lt me mea ome Qrmmmee 
— ee ed eereely” 
—— f= a el Cwng- 6 
et =< Aah Se & oe amy 
O60: 10 ee ce Gee ee eee 
PD Ee a= a: -_—-— — ee? 
>i a — ap aa” 
_— =) =n 
eo om me ——_ 
SS a @ ~*~ =r a © . 
SW i—-—s  —S—— —— -s a 
——-_—- = oe eee ~<A WP A 
in 
yy oo <<. <a. gf sammy 7 
= SS =i mein , 
a0 = —__ -— — — ime : 


> Ce ose Ee itm % CF thm:,:£ 





















— 


oe 





a = ——— 
- hie ~~ ‘= > 
4 oo ———_> 
—p 


4% 
research subdepartments. 

3. Tabulate the inter-relationships among the major 
elements in the above step. 

4%, Analyze quantitatively the research activities 
of competitors in the industry. 

5S. Summarize qualitatively the direction and nature 
of competitive research activities by broad product area and 
class of research, 

The results of Phase I summarize the company's histori- 
cal research activity and relates it to industry and competitor 
practices. 

Phase Ii.--Translate corporate objectives into tangible 
research objectives and opportunities in the present products 
and processes of the company. The object of this phase is to 
determine the extent and application of research needs for each 
present product. Four principal steps are involved: 

1. Establish the R and D opportunities and require- 
ments based upon the corporate objectives of volume, volume 
increase, share of market, projected profit, projected invest- 
ments, etc. 

2. Determine future functional requirements for 
products which are being produced at present. 

3. Determine the opportunities and needs of competitors. 

4k. Determine company opportunities based on existing 
research resources and know-how, This will point out the pro- 


ducts which are most susceptible to cost reduction improvement 


¢3 


or broadening of vreduct line 


y 


This phase will show the relative opportunity for 


4 " < . + Ye, + he 
research activities within preduct areas. 
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Phase IiI.--Devise a program based on corporate 





objectives and other opportunities in the present business. 
l. Summarize the significant trend in the preduct 
areas involved. 
2. Determine by product area the degree to which 
basic, applied, and development research should be exploited. 
3. Identify major areas to achieve corporate 


objectives. 

4%. Allocate funds to areas in light of opportunities 
and promise of return on investment. 

Phase IV.~--Program research leading to new products 
and processes, Here the steps are largely dependent on the 
eorporate plan for evolution into new fields. 

Ll. Determine the extent of new business required 
in the corporate plan. 

2. Examine proposed new product areas, considering 
corporate skills, position of the company in the industry, 
limitations in regard to resources, and competitive position 
in the proposed markets. 

3. Determine by means of forecasts of volume, 
profit, and functional requirements the way to profitable 
Cperations in the new business. 

%, Provide for commercialization of the new product 
ar process. 

Phase V.--Develop supporting functional programs. 


Ae Manpower requirements must be determined, 


tg 


2. Plant facility requirements must be established. 


fs 


3e Future evolution of the crganizational structure 
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must be considered. 

i, A continuing research-planning activity must 
be formalized in order periodically to update the plan.t 

The preceding discussion shows a definite relationship 
between corporate objectives and long-range research planning. 
Teday with so much emphasis on research, the two are insepar- 
able. The benefits of long-range planning of all corporate 
activities are widely recognized. In the case of research 
and development a well planned strategy will permit capitaliza- 
tion on opportunities provided by changing technology, 
competitive trends, and projected forecasts which might be 
difficult to appreciate on a short-term basis. Aside from 
planned research directed at cost reduction, greater 
productivity, and high-margin on new or improved products, 
other advantages are to be gained from a planned research 
program. Among these micht be included (1) better direction 
of research activities, (2) a better management understanding 
of the research program, and (3) an educational value to all 


activities. 





Hilleand Granger, hooecat., pp. 47-57, 





CHAPTER TIl 


THE RESEARCH PROJECT 


Proper selection of research projects is the 
key to research success. Uniess researchers are 
working on the right problems, even the most 
outstanding re vehi ch personnel, motivated, organized, 
and controlled in the best possible fashion, will 
not make a maximum contribution to the sponsoring 
activity. 


Planning for the Research Project 


There are a number of considerations which must 
enter into research project planning. 

1. Does the project fit the interests and needs 
of the company? There must be an integration of projects 
and company objectives. 

2. Will the resuits be useful to the company? There 
must be an appraisal of eventual use, adequate profit margin, 
and cost estimate. Market research must determine the 
probable scale of future operations, capital investments, 
and new plant facilities. 

3. A measure of the impact of new products on 
existing products must be estimated. Sales personnel can 


provide information as to the influence of new or replacement 





loames Brian Guinn, Yardsticks for Industrial Research 
(New York: The Ronald Press Co., 1959), p. 169. 
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uh 
items on present products. 

Gu, A check should be made concerning legal and 
health restrictions on prepogsed products. 

5. Patents may preve to be troublesome. 

6. Estimates of total efforts in terms of time, 
manpower, and facilities should be made. Research and 
development for a small company cften may prove to be too 

ae l 
AMbDITLOUS « 

In establishing projects the following objectives 
ef industrial research must be kept in mind: 

1. To reduce a company's capital and operating costs. 
2. To help the company provide high quality products 
and technical assistance at a level which wall 

maintain, or better still improve, its competitive 
position. 

3. To provide the company with new opportunities for 
attractive capital investments and new markets 


for new or existing products. 


Research management must not feel that a company 


i 


supports a research activity with the hepe that something 
useful might come from the laboratcry. It should look upon 
itself as an integral part of the organization with the aim 
of producing technology which will allow the company to 


operate and grow. 





dis A. Lazier, "Planning the Research Project," 


Proceedings of the Sixth Annual Conference con the Administration 
of Research (Atlanta: Georgia Institute of Technology, 

EECA e > cr 

Engineering Experiment Station, 1953), pe. 61+ 
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Of primary importance in selecting research projects 
is to make sure that the research manager understands company 
operations, cerporate objectives, and plans fcr the future. 
He must have a knowledge of capital limitations and the 
relative availability of funds for the expansicn of company 
Operations. There must be a clear understanding between 
management and research as to the method by which research 
is to serve the aims of the company. The kind of information 
that research management needs is best answered by questions 
like: 

Is the main purpose to be served by research the 
protection of existing earnings from existing 
products and processes? 

Does the company wish to reach beyond its present 
competitive position and establish clear pre-eminence 
in its existing field? 


Is competition forcing a search for new products and 
processes? 


Or is the goal to find a new source of earnings 
through a broadened or altered investment base? 


Having the basic aims of the company, then the 
research director can formulate plans and decide upon projects 
based upon the corporate objectives and the desires of top 
management. However, even with known company pclicies, the 
research director faces problems which ultimately must be 


correlated with company policy. Howard S. Turner lists four 





Howard &. Turner, "How Much Sheuld a Company Spend 
on Research?" Harvard Business Review, XXXII (May-June, 1954), 
103. 





“7 
facts which are frequently faced by research directors when 
making decisions on projects to be undertaken. 


1. The field selected by management may already have 
been extensively exploited by the research teams 
of other companies. In this case, the research 
director may conclude it would be cheaper to 
purchase and adopt the results of research com- 
pleted by others than to risk large outlays in 
the hope of novel discoveries in a well-worked 
field. 


2. Or, though the proposed new field is not overcrowded, 
the technology involved may make it particularly 
resistant to experimental development. If this 
is the case, the research director will warn his 
management of the very large and continuing outlays 
that may be required to get useful results. 


3. Attractive unit costs for some developments can 
oniv be projected for a quite Large initial plant. 
Qthers may require acceptance of a substantial 
financial risk in designing such a plant from 
experience with the usual experimental facilities. 
Alternatively, there will be the unusually heavy 
development costs that go with the larger pilot 
plant employed to minimize the risks of scale-up. 


4%. Finally, a dominating variable that influences 
the annual cost of any research effort will be 


the rate of speed at which manayement wishes the 
work to proceed.t 


When top research executives are properly informed 
of the over-all ecperations of the concern, both inside and 
outside the organization, then the research organization is in 
a position for establishing research prejects. W. C. Asbury 


Suggests three major phases in the establishment of research 
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1. Obtaining ideas and developing concrete proposals. 

2. Evaluating the ideas and projects. 

3. Yanal selection of those projects which have met 
the requirements and have the best chances of 
economic success.1 
There is no “best" source for ideas and proposals for 

new products and processes. Many companies regard their 

sales force as the most dependable source. Salesmen are 
familiar with both customer needs and competitive or substitute 
products. They are therefore in a position to recomnend new 
ideas which have a wide application. Salesmen'ts enthusiasm, 
however, may lead them to misealculate the market for a 
proposed product or an improved process, and they are also 
frequently unaware of the technical and financial problems 

that may be encountered. 

Research and development, engineering, and other 
departments are also an important source of ideas. Technical 
personnel are familiar with engineering, manufacturing, and 
use of company products, and, therefore, their suggestions 
will take into account technical difficulties which will be 
ancountered in the design and development stages. However, 
technicians and scientists are often unaware of market condi- 
tions, and their suggestions must be carefully reviewed frosa 
this viewpoint. 


Still other companies find that good ideas originate 





rf 


Asbury , Woe. ak eee pe L660. 





ug 
from outside the organization, by custcmers, and the general 
public. The principal idea sources reported by companies in 
a supvey conducted by the National Industrial Conference Board 
appear in Table 2, 

At this stage in the development of an original idea, 
there should be a sereening process to eliminate undesirable 
projects. Often an organization designates a research project 
committee on which sales and market researchers are included. 


In this screening process each project should be classified 


2a 


by type of target. Targets for research projects would be: 

1. To find new or better raw materials, 

2. To improve existing preducts or processes. 

3. To develop new products. 

4. To develop new uses or new markets for existing 
products or for waste materials. 

S$. To improve manufacturing methods, equipment, 
or facilities, 

6. To improve handling, distribution, or marketing 
operations. 

7. To improve research methods. 

8. To search for basic knowledge on which future 


research can be busit.> 


9. To reduce costs. 


10. To improve quality. 
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TABLE 3.--Sources of Project Ideas" 








Originatcr source 
i. Sales Force de Knowledge of customer needs 


b. Inquiries from customers 


c. Familiarity with competitive 


products 
2. Research and a. Proving ground experiments, 
Lngineering performance records, observation 


of product in use 


b. Application of basic research 
findings 


cc» By-product of work on other ideas 


d. Original thinking 


tion system 


fn 


3. Qther Departments a. Suggze 


b. Analysis of production processes 
and costs 


c. Analysis of maintenance costs 
and operating costs for existin; 


Ua 


products 
d. Analysis of markets for existing 
products 
4. Outside Sources a. Inventors 


b. Stockholders 


c. Management engineers, consultants, 
etc. 
d. Purchase of an operating company 


@e. import of a product exploited 
successfully in foreign country 


£. Trade associations and government 





Ao 
o 


Source; National Industrial Conference Board, 
New Product Development, Studies in Business Policy, No. 40 
New York: National Industrial Conference Board, Ine., 1950), 


De 6. 









51 
ll. To reduce consumer's operating costs. 


12. To inereasse sales appeal.? 
Evaluating Ideas and Projects 


The five primary considerations involved ina 
research project are: (1) novelty of the idea, (2) utility, 


(3) usability, (4) research capacity, and (5) costs.” 


Novelty of the Idea 


In determining the novelty of the project, a thorough 
search of available literature on the propesed product or 
process should be conducted. This may present some problems 
in that an immense amount of government-sponsored research 
is classified. 

& second phase of the novelty search is the use of 
patent literature. A patentability search will uncover such 
information as clues to unpublished research pertaining to 
the project, how the vroject can be guided around existing 
natented products, information about other organizations active 
in the field, and reasons why the proposed project may be 
unguecessful based on unpublished results. fPurthermore, the 
patent search may show that the project may provide an item 


which could not be patented. 





es : a f ; ; | 
Herritt A. Williamson, “High Hopes and Hard Pacts 
m Research Expectations," Research/Development, XIII 


enn pe 


“Asbury, loc. Git.{t pp. 1609-198. 
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Utility 

The utility of a project is another factor which 
must be considered in its evaluation. In evaluating a 
project it must do one or more of the following things: 

1. Reduce the costs of production. 

2. Reduce operating cests of the user. 

3. Inerease the utility of the product. 

4. Increase the product sales appeal. 

5. Produce new business. 


6. Determine technical information that will 


contribute some cther projects. 


Usability 

In the pre-project stage one of the most important 
factors is whether the project will fit inte the company's 
interest. tio matter how good the idea is, it is net worth 
spending: money on if the results are not going to be utilized. 
In general, the further the aim of the project are from the 


aims of the company, the higher the level of corporate 


decision is needed to justify the project, 


Research Capacity 


Another important factor which must be considered 
in establishing a research project is whether or not the 


skills of the research staff and the equipment of the organiza- 


+ 


tion are adequate to support the provosed project. Some of 


the guestions which must be answered in relation to capacity 
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of the organization are: What are the staff and talent 
requirements? Are the facilities and equipment adequate, and 
if not, what capital investinents will be required? How 
quickly shouid the prejects be started? Is it a crash 
program? What is the deadline for completion? Should several 
projects be started at the same time? 

Having a sufficient number of personnel to work on 
a project is not enough. If research personnel are not sold 
on a project idea, the project may be killed. In an ideal, 
well-balanced organization, there will be sufficient ideas 


and projects se that unwanted assignments will seldom occur. 


Costs 

The last but one of the most important pre-appraisal 
Factors is that of the cost of the project. For adequate 
appraisal of the project, not only the cost of research should 
be included, but also the costs of production and initial 
marketing. The subject of evaluation of costs of a research 


project will be covered more thoroughiy in a subsequent section. 


Final Selection of the Project 


The last step is to assure that research projects 
which are selected are consistent with established company 
goals. The process of selection is exceedingly complex, 
requires much intuitive judgement, and is a process which 


will frequently have no clear-cut solution. David B,. Hertz 
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has this to say of project selection: 
In the final analysis, it is the top or controlling 
management of an enterprise which must assume the 
ultimate responsibility for this choice. Certain 
criteria upon which to base a critical and rational 
analvsis of the proposals under consideration may be 
formulated. Their use will a@id management. ... 
The final decisions must be reached by means of the 
judgment of those who determine policy for the 
enterprise, since completely  haehpolir cocaine: metrical 
formulations . . . will not be available. 


One of the most critical considerations is the size 
of the company and its financial status. Two factors which 
are of importance in this connection are: (1) the amount of 
working capital which can be devoted to research, and (2) the 
amount of investment capital which can be made availahile to 
utilize the results of the research efforts. In the first 
instance there should be an upper limit established which can 
safely be expended for research in a given period. In the 
second instance, companies have been known to invent so many 
things to manufacture and sell that they are far bayond the 
capability of an organization with limited capital. 

Another factor to be considered before passing judgment 
on a research project is the competitive position ef the 
concern, In this area, consideration must be given to actual 
or potential, direct or indirect, geogranhical and price, and 
general economic competitive threats. To evaluate proposed 


projects, top management must have detailed information with 


x 





Inavid 8. Hertz, The Theory and Practice of Industrial 
Research (New York: MeGraweHill Book Co. Inc., 1950), p. 125. 









5 
respect to these factors. 
Three preliminary assessments of the possibility of 
Success cf a project are offered by W. C. Asbury. These 
assessments offer no clear-cut solution, but will, however, 


assist the executive in making a judgment on @ project. 


G 
& 


1. If the project results in the development of a 
new product not in production, the product would 
add to the company's line, make it possible to 
axpand business, and perhaps enter into new 
fields of activity. However, at this point the 
cost of making this product will not be accurately 
KNOWN a 


2. If the project results in improving an existing 
product, a rough assessment can be made of the 
less to the company if the existing product fails 
to meet competition. Here the evaluation must 
be baged on the over-all potential loss to the company. 

3. If the project involves an improvement in the 
process used in making an existing product, the 
economics of the change may be more susceptible 
to calculation based on assumptions as to the 
type of plant that would result from research 
and development work on the project. Here it 
is possible to make a rough caleulation on the 
prohable rate of return on the new investment. 


The above discussion of projects selection has been 
based primarily on individual judgments of competition, 
financial condition, marketability, ete. Another approach 
to the selection process is more systematic and 1s used by 
many industrial research organizations. A number of formulas 
have been developed with a resultant number, or index, which 


fives the value of a proposed project in relation to others. 








libid., pp. 126-133. 


“Asbury, loc. cite, pp. 198-199. 
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An example of an equation for determining a project 
Value index for product development is one developed by a 


chenical company :* 


PVI = > kote JAY PR I, 
tf PC 


where: 


PVI = project value index 


CTS = chances for technical success, on an arbitrary 
rating scale, say 0 to 190 

CCS = chances for commercial success, on arbitrary 
rating scale, say 0 to 10 

AV = annual volume (total sales in units) 

P = profit, in dollars per unit 

L, = Life of product in years 

TCP = total project cost 


Another simple index has been developed by the 
Industrial Research Institute which provides the net probable 


monetary return per research dollar. 


bet 
i 
ols 


where: 


I = index of relative worth 
P = overeall probability of commercial attainment of 
the goal 


N = estimated net return for an arbitrary five-year 
period 
C = estimated future research cost 


Although the above information concerning project 





1 
Cf., Walter T. Blake, “Project Selection,” University 
or Wiseonsin Engineering Institute's Industrial Research 
Jreeanization, December 13-14, 1956, cited by Asbury, p. 201. 
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selection is unquestionably helpful to management, the 
final selection of a preject inust be based on whether or not 
it fits research into company goals. In selecting a project 
for a well planned research program, management should consider 
the following three broad areas cf technology: planning 
research for (1) vresent products, (2) for foreseeable new 


products, and (3) for entirely new appliecations.+ 


The process commences with the assessment of present 
products, and the technology required te support these products 
up to Five or ten years in the future. Management should con- 
sider markets, competitive technology, and the changing needs 
of the customers. Planners then compare present research with 
what is needed to fill the vaps. Projects are selected which 
Wili most nearly meet company goals and fill the gaps in the 
shortest time. 

Present products are unlikely to fulfill all company 
goals, and therefore, the next step should be to consider the 
projects which offer new products. Here it is important to 
have (1) good data on market needs, and (2) an analysis of 
past experience on similar products to give an idea of project 
success probabilities and project cost. 

In the area of fundamental or basic research intuitive 


udgment basically determines whether a concern has sufficient 


~ 





oy ae: . ; ; 
Quinn, "Top Management Culides for Research Planning," 
Technologicai Planning on the Corporate Level, p. 192. 
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basic research to meet company goals. There have been no 
mathematical formulas and equations which have been found 
reliable enough to plan specific fundamental programs. 
However, in considering fundamental research projects 


attention should be siven to the following: 


le The rapidity with which technical advances 
are occurring. 


2. The competence and enthusiasm of company 
personnel in the particular field. 


3. The availability of qualified persons to 
ataff scientific areas new to the company. 


4, The anticipated amount of information yet to be 
iseovered in an area. 


§. The relative pertinence of the area’s knowledge 
to company goals,.1 


Another consideration is the life cycle of a product. 
A schematic portrayal of the life cycle of a new product is 
shown in Figure 7. The time scale shown in the figure will 
vary with different products and companies, but the figure 
does show a traditional cycle which a product usually follows. 
A typical product creates a loss during the introductory 
stage, then follows a period of growth and increased sales, 
and prefit. The peak in profits is just before the effect 
of competition begins to tell. This is followed by a peak 


in gales, and finally a market decline with reduced profits. 


gs 


* 


The requirement then is to plan ahead for new products to 
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ibid., p. 196, 
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Figure 7.--Basic Lifc Cycle of New Products. 
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provide future profits to compensate for the fall-orf,? 
Another illustration showing the relationship of 


iven in 


“ 


bets 


gS S 


various types of research te company goals 


*4 


Figure 8. 


3 


The final stage of project selection’ is balancing the 
project selections to meet corporate goals. Manarpement must 
step back and take a look at their propram and see that 
emphasis 18 balanced amons: 


Ll. Categories of effort. Long- and short-range 
goals should be supported by adequate basic, 
applied, and development type research, More 
fundamental research should be focused on 
Filling future gaps in technology, and applied 
and development projects should be geared to pay 
off in the near future. 


(2 


2. Offensive versus defensive research. Her 
attention must be given to growth goals versus 
maintenance of present business. 


3. Product lines supported. All present product 
lines should be supported by programs and protects. 


%, Selientific areas, Ensure that all scientific 
Fields which present threats or opportunities 
within the functional activity of the company 
are protected, 





% 
Cf., Heyel, Handbook of Industrial Research 
Management, pp. 17-18. 


Cfe, Guinn, "Top Management Guides for Research 


Planning," Technological Planning on the Corporate Level, 
pp. 197-198. 





61 


Pizure 8,--Plannins Research to Fulfill Corvornate Goals.* 
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“Source: James Brian Quinn, "Ton Manasement Guides for 
Research Planning,” Technological Planning on the Corvorate 
L-vel, ed. James R. Bright (Boston: Harvard University, Graduate 
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EVALUATION OF RESEARCH 
Introduction 


With the amount of money spent each year for research 
and development, managers are thinking more and more about 
the results obtained from research expenditures. Most top 
executives feel that a reasonable amount spent for research 
and development will return an adeguate profit on their 
investment, But with growing competition and increased 
expenditures in the R and D area, management is becoming more 
and more coneerned about measuring and evaluating the results 
of research programs. 

In a report of three group conferences held by the 
Industrial Research Institute on "Evaluation of Research" 
in 1961, the following statement appears: 

There is an extremely widespread interest in the 
development of suitable methods for the evaluation 

of research. Top management would like to have a4 

fair measure of accomplishnents. Research management 
has been coneerned with evaluating the effectiveness 
of its research program as long as research has been 
managed, Evaluation of research has been the subject 
of Industrial Kesearch Institute proyrams periodically 
Since its foundation in 1938. 

Top management has recently intensified its 
interest. According to National Science Foundation 
data, research and development expenditures in the 
United States rose from 5.15 billion dollars in 


1953 to 12.43 billions in 1959. Various estimates 
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place the expected expenditure in 1970 between 

20 and 25 billion dollars. This rapidly increasing 
outlay of money has been brought into sharper focus 
by the recent intensification of the profit squeeze. 
Top management in this atmosphere is asking: 

(1) whether research investments are worthwhile 

at all, (2) how research returns compare with those 
of alternate investment opportunities available to 
the company, and (3) whether the scientific effort 
is proceeding with maximum effectiveness.1 


As used in this section, research “evaluation is the 


process of judging past performance for the purpose of 


2 Management is interested in judgine 


qa 


guiding future action." 
research output in such a way that it will assist in guiding 
future research and development activities. 


In order to judge past performance in a manner 
which facilitates the desired kind of administrative 
action, results of past performance must first be 
observed; the observed results must then be compared 
with some established criteria, standards, or bench 
marks for accomplishment; and, finally, judgments 
must be made concerning the observed results and 
comparisons. These observations, comparisons, and 
Judgments should provide a logical basis for taking 
corrective action concerning the current program and 
for planning future action to exploit observed re- 
search results or to initiate a new phase of the 
research program.4 


The purpose of research evaluation is better to 
utilize the human and economic resources which a company 


devotes to the research program. Many contributions should 








1. . 
James W. Hackett, "Proceedings of Industrial Research 
Institute Study Group Meeting. Number 7. Evaluation of 


Research," Research Management, V (May, 1962), 177-178. 


Lo . : 
Quinn, Yardsticks for Industrial Research, p. 8. 
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be made to industrial research management by an adequate 
evaluation system. For example: 

1. Weaknesses in plans or in action taken may be 
observed and corrective action can be taken where necessary. 
There is little consequence in establishing goals, guidelines, 
and objectives if the results are.not measurable. 

2. Management nay avoid repeating errors and utilize 
past performance in planning future programs and projects. 

3. The results of each research project may be 
appraised for maximum commercial exploitation. 

4, The output of technical personnel may be better 
measured and the motivation of research personnel may be 
improved. If the achievements of research are recognized, 
management can provide a stimulus for the entire research 
organization. 

5. The financial control of research will be 
simplified and a better indication of capital requirements 
for the support of the research program and exploitation of 
results. 

6. Coordination of all functional activities may be 


Sist 


(fs 


* we =~ ° = 
research results a 


ry 


improved, Continued evaluation o 


in the integration of research programs into the needs and 


2 


capacities of the company. 
7. Comparisons with cempetition are simplified, and 


the company can judge how it is maintaining its technical 
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position in the industry.? 

It is quite obvious that evaluation is important. 

Some of the aspects of this phase of research management have 
beer discussed quite thoroughly by current writers and various 
organizations. Some propositions concerning the evaluation 

of research and development are listed below: 

1. Any executive or manager of today recognizes that 
research is an integral partner in the existence and growth 
of a company. Due to the highly competitive conditions of 
today, management is looking for more sophisticated techniques 
for the evaluation of research. 

2. Evaluations of past results, especially when 
compared with past pre-evaluations, are of benefit in improving 
pre-evaluation techniques; it provides management with a 
measure of the efficiency of the K and D organization, and, 
in addition, prevides the R and Db personnel with an indication 
of their effectiveness and contributions to the organization, 

3. There are very definite benefits from attempts to 
broadly evaluate research and development. Those companies 
using evaluation techniques are convinced that they are 
improving the research process. 

4u, Better records and better feedback of costs and 


profits are required for better evaluation. Added effort and 








oan Quinn, "Measurement of Research Accomplishment," 
Proceedings of the Eleventh National Conference on the 
Administration of Kesearch (University Park: Pennsylvania 
otate University Press, 1958), pp. 67-58. 
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expense are usually required for proper evaluation. 

S. Attention is focused cn new product output and 
profitable marketing of the product. All research is not 
successful, and cost cannot be pre-evaluated with a high 
degree of accuracy. The time lag in research and development 
must be taken into consideration. In judging the value of a 
proposed investment, the time value of money must be considered. 

6. No accurate and universally applicable evaluation 
techniques are available; however, research may be evaluated 
in an abstract or subjective manner by comparing contributions 
and accomplishments with pre-established objectives and 
criteria of success. Certain phases of research are measurable 
in dollars to a certain degree of accuracy. 

7. A criteria for success must be established before 
proper evaluation can be conducted. Whenever possible a 
dollar criteria should be established. However, a crosscheck 
involving non-profit dollar objectives should be used whenever 
possible. This is because final dollar profits are not 
dependent upon research alone. 

8. Intuitive judgment is a dominant factor in all 
evaluation methods. 

9. Top management must understand the methods used 
to evaluate vesearch and development. They, after all, are the 
ones which are primarily concerned with the contributions made 
by R and OD, 


LS. The absolute gollar result cannot be attributed 
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solely to rasearch. Other members of the business team such 
as sales, marketing, planning, and finance contribute to the 
success of a preduct in most cases. 

li. Research evaluation should be on a long, net a 
short-term basis.+ 

Although the benefits which can be derived from 
thorough research evaluation is impressive, no senerally 
applicable solution to the problems of research appraisal for 
management purposes has yet been developed. Ina national 
survey conducted by the National Selence Foundation in 1956, 
only forty-six companies out of approximately two hundred 
interviewed reported having formal methods for estimating 
research returns.“ 

Approximately one-third of the companies represented 
at a 1961 conference of the Industrial Kesearch Institute 
on "Evaluating Research" have adopted formal evaluative 
procedures to some degree. The approaches vary fron attempts 
to develop methods for evaluating the total R and D effort, 
to limiting the effort to but one product or process. The ain 


1S usually a ratio representing the output in terms of dollar 





5 ‘ " a 
CF.e, James W. Hackett, "Evaluating the Results 


of Research," Technological Planning on the Corporate Level, 
pp. 232-234, 


National Science Foundation, Science and Eneineering 
in American Industry (Washington: U. S. Government Printing 
Salsclieeereentnaiiinentinemnemanmitentiestzanmasernsteninmetetineemaaatie cae a a 
Office, 1956), pe 49. 
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profit to the dollars input to R and p.+ 


Even among the formal systems, most concerns rely 
on individual judgments more heavily than precise formulas 
and equations. Few claim to have evolved formulas for 
evaluation, and others say that they have not even tried 
to find an evaluation formula. 

Most companies admit that research evaluation poses 
problems which are unique and still have not been solved, 


Some of these problems are discussed below. 
Problems of Evaluation 


There are many differences between the evaluation of 
research and the evaluation of more repetitive operations 
such as production. For the latter, evaluation is simply a 
matter of comparing performance against standards which have 
been accurately producted well in advance. Unfortunately, 
research evaluation 1s something quite different. One of the 
major problems is that intended results are frequently not 
accurate enough to serve as standards for performance. 

A major problem in forecasting research performance 
is lack of repetition in research operations. Even with the 
most accurate past data, the time and cost of future problems 


is often difficult, if not impossible. Research schedules 





a. 
James W. Hackett, "Evaluation of Research,” 
( 


as 
Research Manazement, V (May, 1962), 185. 
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are primarily estimates based on broad experience with 
Similar problems. 

Another obstacle in establishing standards is that 
not even the best director of research or top executive can 
predict what a particular research project will eventually 
yleld. Except in the most applied phases of research, the 
outcome of an experiment is usually quite unpredictable. 

Some projects which have been underway for years may yield 
dramatic results in a matter of a few hours, or, conversely, 
the most promising project may suddenly encounter insoluble 
problems. 

Judging the worth of observed results is complicated 
by at least three major factors; 

1. Research results are often intangible ideas 
which require the participation of other functional activities 
before they become materially or economically useful. There- 
fore, one must be careful to give research only the credit 
which 18 due. Research should not be piven full credit for 
an obvious team effort. 

2. Even after a project has been successfully 
completed, it may be years before the full economic impact 
is felt. For example, DuPont has introduced within the last 
decade several products based on basic research which started 
in 1927. It is impossible today to estimate the market 


potential of some of these products. 
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3. The products of research are mixed and varied, 
and there seems to be no way in which the relative value of 
one type of output can be compared with another. The lack 
of comparability of results has led directors of research te 
search for a formula which will link all outputs in terms of 
a common denominator. None of these formulas have proved 


completely satisfactory, but some are being used. 


Current Evaluation Techniques 


Over the years management has devised a number of 
methods of evaluating research results. Three dominant themes 
are found in current thinking: the quantitative approach, 
the qualitative approach, and the integrated approach to 
research evaluation. Alli have proved to offer some advantage 
and te contain limitations. In the following pages the three 


main currents of thought will be explained. 


Quantitative approach 

The quantitative approach to research evaluation 
makes use of mathematical formulas to measure the profit 
contribution from a research and development program. Many 
companies rely on this formula technique exclusively, and 
others use it to some extent. Normally, the formula relates 
one or more of the following factors and purports to estimate 


the total contribution of the R and D program: 





Guinn, Yardsticks for Industrial Research, pp. 10-14. 
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1. Profits from research-created new products 

2. Profits from cost-reducing new or improved 
processes, Aa hoas , or raw materials based 
upon research technology. 

3. Profits from improved products. 

4. Savings from royalty payments avoided. 

S. Ineome from royalty pavments received. 

6. Miscellaneous profit contributions resulting 
from general good will created by the 
research establishment. 

7. The investment in the R and D program or 


the total investment to bring research 
technology to commercial fruition. 


Quantitative discussions dominate the literature on 
research evaluation with new formulas quite often appearings. 
Perhaps the best known of these is the "Index of Return" 
method originally advanced by Dr. Fred Olsen, of Olin 
Industries, Incorporated. This method assigns varying 
measures of return to be compared with the estimated cost 
of research as follows: on process improvement projects, 
process Savings for one year; on improved products, two 
percent of the sales value for two years; cn new products, 
three percent of the savings for five years. The over-all 
index of the program is the sum of the values of the individual 
projects as defined below: 

Te Pe 2 (Value of process Savings for one year 

plus three percent of the sales value 
oF new preducts each year for five years, 


plus two percent of the sales value of 
improved products each year for two years.) 








Atbid., pe 16. 
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For estimating the potential return of proposed 


ects, Similar formulation is used, medified by an 


Sake 


pro 
estimated “probability of success." 


(@stinatéd I. RR.) X 


(probability of success) 


Value of new productS= estimated cost of research 


A ratio lower than three to one in the above formula 
is usually considered too low to consider a project worth 
while.? 

A lumber company classifies its research results 
into three proups and rewards them accordingly: 


(1) Projects which have been concluded successfully 
and put into operation. It is assumed that the value 
of these discoveries is four times the cost of the 
research. (2) Projects which have been completed 
successfully and are of definite value to the company 
in improving cperations but on which no well-defined 
action has been taken. An example of this might be 
investigation which has kept the company frem spending 
money on a questionable process. Projects of this 
sort are assumed to be worth twice the cost of the 
research. (3) If the project is unsucceseful, 
obviously, no credit is taken. 


A large chemical company selects a committee from 
research, production, and sales to determine the 
percentare contribution of research on a new product 
or an improvement of an old one, Research is given 
a opedit amounting to this percentage times the 
profit on the item. If a major improvement is made 





7 

Robert M. Bowie, "Top Management Reports and 
Controis,” Handbook of Industrial Research Management, 
el. Heyel, pp. 346-387, 


Z : 

Allen Abrams, “Measuring the Return from Research," 
Froceedings of the Yourth Annual Conference on Admin 
of Research (Ann Arbor: Engineering Research Institute, 
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on a process, the savings are credited to research. 
The above examples briefly describe a few of the 

many accepted and publicized methods for quantified research 

evaluation. By far the greatest number of industries use 

the qualitative judgment method of evaluation. Table 4% 


shows some statistics concerning the degree to which managers 


rely on quantitative appraisals. 


TABLE 4,.--~Relative reliance on quantitative evaluation 











devices.® 
Reliance on Quantitative Measures % of Companies 
1. Rely heavily on quantitative devices 14.8 
2. Use some guantitative devices but UB.?2 


cepend primarily on individual or 
group judgment 

» Rely little or not at ali on a7. 0 
quantitative evaluation devices 


0 





ei 


Seurce of data: Quinn, Yardsticks for Industrial 
Research, pe 16. 


Nalitative approach 


Other companies which do not rely on the quantitative 
approach prefer to base their evaluation on managerial 
iudgments exercised by individual executives or committees. 
They simply evaluate by general feelings of accomplishment 


ov the adequacy of the over-all pragram. No attempt is made 
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at a single quantitative measure of the research and 
development accomplishment. 

Most qualitative systems follow a similar pattern. 
In making subjective management appraisals which are 
characteristic of the qualitative approach, a series of 
personal appraisals are made from the worker level on up to 
the top management level. At each level a technical executive 
evaluates the technical progress of groups reporting to him. 
The reports and reviews are fed up the line for ultimate 
interpretation by top management, ordinarily 2 non-technical 
executive, This top man is thus in the unique pesition of 
being the ultimate authority for reviewing the efficiency 
and effectiveness of his own organization. 

These who argue in favor of the qualitative approach 


have these comments: 


pe 
N 


1. Individual judement is as adequate ¢e 
mathematical formulas. Broad compesite managerial judgments 
are better than mathematical formulas which are based on 
inaceurate estimators. 

2. Judgment is the only method of evaluating some 
phases of R and DP. Such measures as efficiency of research 
efforts, quality of output, and the appraisal of current 


sults of longerange programs are impossible to evaluate 


& 





touinn, "Measurement of Research Accomplishment ,' 
Proceedings of the Eleventh National Conference on the 
Administration of Research, pp. 689-7 
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nathematically.* 

3. Formulas cannot be relied on to evaluate 
research. Mathematical evaluation can be used as a check 
on judgment to ensure that all factors of importance are 
considered. * 

A fairly typical example of the qualitative evaluation 
process is described in the following manner by a large 
chemical concern: 


The evaluation of the results of research is a 
continuing preeess. Each level of the organization 
eonstantly evaluates its activities and those of all 
groups for which it has responsibility. This process 
is Formalized in some aspects, but quite informal 
in others. ‘Evaluation of the activity is the 
day-to-day job of the research adiinistrator. ' 

'In a complex technical situation, it is necessary 
to try any method which can be conceived to evaluate 
research.' Thus, a variety of techniques is used 

at all levels of the organization. No single method 
receives extensive attention. Evaluation is done on 
a program-by-program and project-by-project basis. 
There is a censtant evaluation and re-evaluation 

by the whole team. 

There are at least quarterly meetings of sales, 
production, research, and finance people. They 
review the past results and present prejects of 
research by fintelligent judgment.’ These meetings 
‘orovide a background by which operating and Research 
people are oriented to the company.' The criteria 
used at these meetings are ‘integrated management 
judgment.’ Economic evaluations are suid te be 
made continually from the time the idea is first 
conceived until final exploitation. The economic 
estimates are necessarily broad at first, but can 
be more accurate as the results become more concrete. 

This coneern has made periodic mathematical 
studies of the value of specific programs by matching 





Ibid. 
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the total program cost against the total profit 
nield of its results. No peneralizaticns could 
be made from these studies except that the con- 
tribution of research computed on this basis 
is so far above the marginal level as to make 
computations in detail unnecessary.1l 


Conipromise approach 


A third method of evaluation, which combines beth 
methods, has been advecated by Professor Quinn in what he 
calls an integrated or segmental approach te research 


2 It is not focused on the total research contri- 


evaluation. 

bution, but, instead, evaluates the major segments of the 

research program. These segmented evaluations are a composite 

of many of the techniques of evaluation presently in use. 

In this method the total process of evaluation is initially 

divided into technical evaluation and economic evaluation. 

The procedures of this system are summarized as follows: 
Technical evaluation.-~-This procedure appraises 

(1) the efficiency of planned technical results, and (2) the 

quality of research work produced. Efficiency evaluations 

include qualitative appraisals of the time and cost consumed 

in accemplishing a planned objective. Comparisons of actual 


times and costs are compared with subjective standards. There 
P 1 








‘The description of this sesmental evaluation systen 


proposed by Professor James Brian Quinn is explained in 
Yardsticks of Industrial Research, Chapter 9, and "Measurement 


— ee ee ee, ee ee oe ee ee 2 “e ; 

of Research Accomplishment," Proceedings of the Eleventh 
National Conference on the Administration of Research, 
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are no formal standards in writing, but the evaluator judges 
on the basis of exnerience in similar work. 

The quality evaluation if a qualitative appraisal 
of the skill, creativity, and technical proficiency shown by 
the researchers, Again this is a subjective evaluation. ho 
quantitative measurements in this area have been devised, and 


the only standard of measurement used is the experience of 


the evaluator, 


Economic evaluation.--In the long run a company's 
reseurch expenditure must be justified in terms of dollar 
profits. Assessing the profit contribution constitutes 
economic evaluation. The profit contribution of offensive 
research, which allows a company to exploit new markets, is 
relatively easy to assess. Once a new market is established, 
evaluators can evaluate the profit or Loss by standard 
accounting procedures. 

Defensive research, which is directed toward improving 
the competitive position in existing markets, is primarily 


accomplished by (1) cost-reducing processes, (2) raw material 


tr 


developments, (3) waste salvege developments, and (4) improve- 


aad 


ments in the quality of existing lines. Process developments 
and other developments which reduce the cost of production 
can readily be appraised by standard quantitative methods. 


Product improvement research is difficult to evaluate, as there 


are no valid techniques for establishing in financial terms 
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the cost of not having performed product improvement research. 
The most useful device of measurement is a product comparison 
where the product is compared with all competing products. 
Such comparisons show up strengths, weaknesses, and the over- 
all product quality. 

In the over-all appraisal of the research and develope 
ment contribution, Professor Quinn has this to say: 


Evaluators should develop .. . tools for measuring 

and evaluating the output of each important segment 

of the research program rather than devices for assessing 
auygrecsate research contributions. Quantitative devices 
should be used in making segmental evaluations where 
they are helpful in making decisions concerning the 
particular aspect of the program being evaluated, 

but mathematical techniques should be avoided where 
they do not measure what they purport to assess. in 
the evaluation of some aspects of research output 
quantitative techniques are extremely helpful. In 

many others managers must rely on well-founded 
subjective judgments. 

Different criteria and different techniques are 
reguired to appraise each important segment of an 
industrial research program, One can no more sum 
all of these techniques and criteria into a single 
measure of research effectiveness than he can sum 
oranges and locomotives and have anything but the 
sane oranges and locomotives. Appraisals of research 
accomplishment should carefully assess each maior 
segment of research output. Only the broad composite 
judgements of qualified individuals can sum and integrate 
these appraisals inte an assessment of over-all research 
effectiveness.+ 





nt * * & 
Guinn, Yardsticks for Industrial Research, p. 267. 
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CHAPTER V 
CONTROLLING RESEARCH 
Introduction 


Research and development activities are becoming 
major functions in many companies. This has been emphasized 
by the larse sums of money spent annually for research and 
development, the sizeable research organizations in many 
companies, and the high proportion of income which is attri- 
butable to products that have emerged from past research. 

In addition to manayerial planning with which to 
guide research efforts toward company goals and objectives, 
there is a definite need for control to prevent deviation 
from established objectives. Dr. Merritt A. Williamson, Dean, 
College of Engineering and Architecutre, the Pennsylvania 
State University makes the following statement concerning 
the control of research activities: 

I realize full well that in R and D activities 

the word "control" is considered a nasty word, 

But the fact remains that control is everywhere, 
Most R and D directors I know trv hard to maintain 
control over their operations, but they usually 
Keep guiet about it and they do not discuss in 
detail the procedures they use. In fact, I deubt 
that many of them think of their operations as 
effecting control. The problem in R and D 
management is how to strike the critical balance 


ef still controlling yet allowing such freedom 
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SO0 that creative effort is not atifled in 
the process, 


Planning anid control seem to be synonymous with the 


word management. The planning phases have been discussed in 


Chapter II, and this paper would hardly be complete without 
sone discussion of contrel. Management writers during the 
past decade or more have emphasized the need for planning, 
directing, controlling, evaluating, and appraising. An 
examination of various writings show there are many definitions 
of the word “control.” The various definitions, the techniques 
of control presently employed, and the purposes of control 
are too numerous and varied, and, therefore, are beyond the 
scope of this paper. However, most writers do agree that con- 
trol must exist in practice for prefitable, effective, and 
efficient operations. It is also agreed that control is 
obtained by means of one or more of the following managerial 
tools: policies, organization, procedures, standards 
records, reports, and budgets. 

One of the most effective means of exercising control] 
of research and development activities is by controlling the 
application and amount of funds available. The following 
section will deal with some of the financial control aspects, 


specifically the K and D budget and cost control techniques. 





. a 
Merritt A. Williamson, "“Instituting Effective R 
and D Management eee Res search/Develooment, XIII 
(November, 29 962) > ? 39-40, 
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The Organization of the Research Function 


The purpose of research has been defined in terms of 
the responsibility of management "to provide the technical 
leadership necessary in order for the company to earn a 


° 


atisfactory return on its invested capital, both this year 


is 
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This responsibility can be restated in the form 
of three objectives: 

1. To maintain the company's prestige and profits 
by keeping existing products competitive in 
quality and price, 

2. To improve the company's competitive position 
and increase profits by developing new products 
that replace or supplement existing products 
and by improving present preducts to a point 
where they have greater acceptability in the 
market. 

3. To explore possibilities for expansion into 
related or unrelated fields that offer opportunity 
for substantial profits. 


The relative emphasis placed on the above objectives 
varies among companies. The diversity of activities and 
purposes, therefore, tends toward various method of controlling 
and accounting in industry. Furthermore, it is difficult 


to assign costs to produets and to measure results as described 





LRalph fi. Manley, “Translating the Economic Aspects of 
Company Policy into Kesearch Policy," paper read before Fifth 
Annual Conference of Industrial Research, Columbia University, 
1954 quoted in "Accounting for Research and Development Costs," 
E AseCel. abo ting MEXVI (Come) 1655). £377. 
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in & previcus section.+ The principal reasons are that the 
outcome of research is always somewhat uncertain, and usually 
there is an appreciable time lag between the incurrence of 
research costs and the realization of benefits. 

Due to the importance of research today, most 
eompanies have established separate organizational units with 
specific functional responsibilities. while the size of the 
company, the scope of the research program, company objectives, 
and the type of research all affect the functional organiza- 
tion, there is a general pattern in the practices of most 
companies. Research and development is ordinarily distinguished 
from regular operating functions which are performed by 
engineers and cther technical personnel. The head of the 
research department is usually sufficiently high in the 
organization of the company so that research personnel are 
able to concentrate on genuine research problems without being 
diverted to solve problems of a routine technical nature. 

A typical organizational plan is illustrated in the following 
examodle: 

A large manufacturer of mechanical products has 

three operating divisions organized by products and 
markets. Three central staff departments (eentral 
productaGn starr, cefitral marketing cta’f, central 
engineering staff) headed by vice-presidents have 
been created to serve the operating divisions. 
Ceneral and basic research funetions are headed 


by a director of research who reports tc the vice- 
president in charge of the central engineering 
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staff. In addition, each operating division includes 
a& product development department responsible for 
experimental work aimed at improving existing 
products and manufacturing processes, 

The organization of internal budgeting and accounting 
functions within the research activity is largely dependent 
upon the size of the company and its research laboratories. 
In larger organizations budgeting and accounting functions 
are separated from the technical functions. However, regardless 
of whether the executive in charge of research has his own 
adninistrative staff or utilizes a central administrative 


service department, he 1s responsible for the financial plans 


of the research and development budget. One company manual 


ae 


of budget procedures states that 
Annually, budgets covering research expense are 
prepared under direction of the Research Director's 
Office, with assistance of the Office and Service 
Manager of the research center and of the corporate 
budgeting and accounting department, 

The above statement points to the fact that decisions 
t 
concerning application of research funds are made by line 


management. 
The Research Budpet 


Dr. Merratt A. Williamson makes the following 


statement concerning the budget as & manasement contrel tocol: 





1 ; . 
"Accounting for Research and Development Costs," 
NsA.CsA. Bulletin, XXXVI (June, 1955), 1379. 


2 
Tbid., p. 1383. 
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In my opinion, the most effective method of control 

is the distribution and allocation of that important 
item known as woney. If an area receives no support 
it cannot get out of control! A budget may be defined 
as a basic business policy stated in accountiny terms, 
It does not come naturally to research men to think 

of their assignment in budgetary terms, but for those 
who are removed from the work at hand, the best indica- 
tion of what is going on may be obtained by a study 

of actual expenditures and a comparison with budgeted 
axpenditures, Such data are used as means of control 
and they deserve very careful attention in their 
preparation and their periodic reporting. If a 
manager at any level understands the true nature F 

a budget, it can do wonders for him and his group.! 


Dr. Williamson and many other management writers 


agree that the principal Financial control tool for research 


activities is the budget. By means of the budget, management 
can control the amount cf money spent and can sometimes 
direct the way money is spent. One company surveyed by the 
National Association of Cost Accountants had this to say 
concerning control by budget: 


Control is exercised primarily by having top 
management set an apprepriation which is a 
maximum not to be exceeded because it has been 
determined by the financial position of the company. 
This is then broken down and similar maximums are 
set for projects and —_s under each project. These 
allowances are not to be exceeded without authoriza- 
tion, but the programs within the annual appropriation 
are reviewed from time to time. .. .¢ 


Budgetary Objectives 


> 


in current literature it is constantly stated that, 





1 

Merritt A. Williamson, "Instituting Effective R & D 
Management Controls,” Research/Development, XIII (Hove amber , 
1962), u?. 


2M. A.C.A. Bulletin (Jimeg 185575 p. Foyt. 
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to be effective, management must plan, coordinate, and 
control; practice management by exception; impreve communica- 
tions; delegate authority; etc. <A budgetary planning and 
control program is a system where all aspects of management 
are brought into a coordinated whole. Some of the results 
from a well thought-out budget program are summarized by 
&% = Si 
B. F. Coggan, Vice President of Convair: 
1. Such a program should take the... plans of 

a company and tie them into a unified whole. 

» « e it requires a definition of objectives 

and setting up a program to carry out these 

objectives. 


2. The budget program should bring about a coordination 
of activities . . . to carry out the cver-all plan. 


3. The budget propram should be a means of control to 
carry out the over-all plan. Responsibility should 
be assigned for each kind of expenditure. Budget 
reports should measure performance against the 
approved plan. Deviations from the plan should 
be quickly detected, analyzed, and remedied. 


4%, The budget program should promote more economical 
use of working capital. 


5. The budget program should reduce waste and 
promote efficiency. 


&. The budget program should place responsibility 
for action on those who have been assigned the task. 


7. The budget program should bring about better 
business judgment by reducing plans to figures. 


8. The budget program should flag possible trouble 
aAYG@as. 


§. The budget prezgram should vrovide a means of 
determining financing needs. 








ip. PF. Coggan, "What Management Expec 


sts from the 
Budret,” Business Budgeting, VI (January, 1958 
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Budveting is a financial plan which establishes 
a working understanding between individuals. for example, 
management first gives the subordinate a job to be done; the 
Subordinate plans the job and submits recommendations tc 
management; and the two agree on a budget to guide in the 


execution of the plan. <A proper budget philosophy encourages 


independent thought and senerates ideas. A budget is an 


aL 


indispensable 


® 


operational plan stated in figures, th 
preliminary to control and cost reduction. 
Prior to World War II it was thought that planning 
research and development would stifle creativity. However, 
with the pressures of wartime and the inereased industrial 
outlays for research, better planning techniques were required. 
Ags a result, majcer research programs were broken down 
into elements. These various elements were assigned as the 


responsibilities of individual seientists. All of the various 


coordinated plan called a 


54 


elements were combined into 
program. Carefully planned schedules were set up leading 
toward the major programs and obtectives. As time went on, 
management became well aware that this planning for research 
wis much more efficient and effective than previous, less 
formal methods, 

Lt becane obvious that if all pheses of the research 
effort could be planned and scheduled effectively, the funds 


2° 


could aiso be scheduled equaily well. This led to research 





Leames L. Peirce, “Control by Budget," The Controller, 
RAV (Judy, 1657), 328. 
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budgeting. Since the early stages of World war Jl research 
budgeting has been accepted by more than seventy percent of 
research sponsoring institutions as an aid te planning R and D 
activities. Most of the remaining thirty percent are quite 
sm@ll and therefore do not require the formal techniques of 


planning and budgeting. 


The research budget is primarily a planning tool 
which allows management to plan and guide research in the 
desired direction. In other words, management controls research 
activities by limiting the research budget. Specifically, 
budgeting assists research planning in several ways 

lL, It insures periodic review of research programs 
by control of expenses before, rather than after, they are 
incurred. Managers are foreed to peri Qally review and 
replan their programs te conform with the budget. Two very 
important espects of this periodic review is that programs 
eannot be allowed to grow haphazardly for extended periods of 
time, and the review at periodic intervals stimulates 
researchers to show progress. 

2. it forces the manager to plan programs more con- 
evetely. The careful planning and scheduling reauired by 
budgeting helos all research personnel to interrelate all 


aspects of the research program and various activities. In 





de : 
James Brian Quinn, “Budgeting for Research, 
Handbook of Industrial Research Management, Dp». “O81. 
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‘8 


that researchers from all levels must plan their activities, 


they become more mindful of the need of propress toward goals 
and objectives and the price of this progress. 

3. It helps to coordinate research activities with 
shorte and long-range corporate plans, goals, and objectives. 
The important balance between program segnents must be watched. 
The budget allows adjustment of expenditures between various 
program segments. A iethod of showing how much effort is 
being devoted to various segments of the research program is 
shown in tabie 5, which is called a research balance sheet, 
In addition, the budget encourages the exchange of ideas 
during the planning stage. In short, the budget is a major 


‘ : ; 1 
device for coordinating the plans for the entire organization. 


TABLE &.--Percentage of total research budget devoted to 
each segment? 








Product 
New Product New Process Improvement Total 












































Product Line Product Line Product Line 
‘A i G A B C A B g 
Fundamental 2 3 ~~ - ? Z - ub 1 L$ 
Applied 29 7 3 g 7 § t a uy SO 
evelopment 6 2 4 7 by 5 Z 2 8 35 
total for 
Product Line 18 a a es 10 19 b 7 La 
Totay 9) 37 37 26 100 
“Source: James Brian Quinn, "Budgetinp for Research," 
Handbook of agus trial Research Management, ed. Carl Heyel, 
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How much to spend 

In developing the research budret many companies use 
a fixed percentage of projected sales, The advantages of 
this method are: (1) simplicity, (2) general availabilit 
of prejected sales data, and (3) the ability to keep research 
expenditures within available funds. The majar disadvantage 
of this system is that whenever sales forecasts show a down- 
ward trend, researchers are forced intc curtailing programs. 
Cutting back on programs has an adverse effect on long-range 
projects and injures the continuity and organizational stabi- 
lity needed for effective research. Generally a decline in 
sales indicates a need for more, not less, research. The 
majority of research managers feel that sales projections 
should be used as a vardstick, but shouid not be adhered 


t@ 12701. 


3 


The relation of research and development to net sales 


& 


is probably the most widely used measure of the importance 
of R and D activities within a company or within an industry. 
This relationship provides a common denominator by which 
management cf a company can compare R and D activities with 
that cf the industry. Individual companies try to match 

or exceed the averase ratio for the industry. The results 

of a recent study conducted by the National Science Foundation 
ace shown in Table 6. 


9g 


Another method of establishins vesgearch budgets is 
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TABLE 6.--Funds for research and development performance 
as percentaye of net we bes S, in manufacturing companies 
veoforming research and development by industry and size 
of company, 1959. 











Companies with total 





Total S employnent of ~~ 
Industry Less than 2OOG gee , 5000 or 
ee - — ote LOGO 4999 more 
Total ue? Zea 21 4S 
Food and kindred 
products > Cb) e2 A 
Textiles and apparel 7 oo #5 ab 


s 


Chemicals and applied 


products as < aD re! 862 
Rubber preducts 2«0 lage: 3 Ze2 
Machinery 4H. 2 2.9 | Le 5.4 
Fabricated metal 

products Ler 2390 igh Thee? 
Electrical equipment 

and communications LiL.& 6.1 at) 18%6 


Motor vehicles @ndé 
other transporta- | 
ticn equipment 344 (b) set 3.6 


Professional 
Lnetruments B63 oe 5c 07 


eh 
Source: Hational Science Poundation, Funds for 


Research and Development in Industry, 1959, Surveys of Science 


PacenirnAae Carnlec Sr .> .. Eien 7 * 
Resources Series, NSF 62-3, Table A-26 ( (Washing thon: U. 3. 


Government aelhe Oners. ca 1362), we). 


ty . * 3 2 a 
HOt separately available but inciuded in the total. 








91 
the use of competitor expenditures as a guideline. Sources 
of funds used by competitors include published financial 
statements, estimates of research space used by competitors, 
number of personnel employed, expansion cf activities, and 
$0 on. This system has the advantage of keeping the company 
constantly attuned to the activities of its competiters,. 
However, this system is basically defensive. It does not 
indicate how much more profit could have been made had re- 
search axpenditures been increased, Another factor to be 
considered is the objective of the competitor companies. 
Uniesa the objectives of both companies are the same, research 
expenditures are meaningless figures. Age with the case of the 
projected sales figure, the competitor's budget should only 
be used as a guide, and not as a final standard or basis 
for the research and development budvet. 

Still other companies base research budgets on 
company growth rate in line with basic corporate objectives. 
If for example a company plans or projects growth at the 
rate of 10 percent annually, then research and development 
budcets are also increased at that rate, regardless of 
eaupetitor forecasts or projected sales figures. This system 
has the definite advantage of interration of the research 
budpet with longerange corporate planning. Of course, for 
a workable system, the long-range program and the project 


selections must be realistic. 


Not 


Another method of budgeting is to develop projects 
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92 
based on their own merit. Each potential project is 
evaluated on the basis of petential profit to the company. 
The rate of return of each project is then compared against 
some predetermined standard. The higher the project's 
yield in comparison with the standard, the more desirable 
it is. The company supports and budgets projects which seem 
best to fit corporate objectives. The disadvantage of this 
type of approach is that it is difficult to measure accurately 
the ultimate financial potential of a project. 

The use of Formulas in selecting and evaluating 
research projects has been discussed to some length in 
previous sections. Formulas are also used to indicate some 
of the important factors in considering total budget LeVetey 
Projects ean be ranked on the basis of effective rates of 
return and then compared with cost or risk standards. One 
such formula for determining project acceptability is known 
as the Calculated Risk Formula: 
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where: 
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= net estimated income from the project's results 
in any it) year 
n = the last year in which incomes are expected 





ltpid, pe 298. A number of other formulae that have 
been quite useful in industrial research are diseussed in Guinn, 
James Uridan, Yardsticks for industrial Research (New York: 
The Ronald Press Co., 1959). 
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P = probability of receiving the ith snecome 
GC; = the net ineremental investment in any geo year 
¥ 2 the year hence in which the income or outlay 
will occur 
R z the vroject's rate of return on total funds invested 


Another technique for establishing the amount to be 
budgeted for different purposes was deseribed by Ralph H. 
Manley in a paper presented at an Industrial Research Confer- 
ence. In approaching the question of how much to appropriete 
for research, two purposes should he recognized which are: 


1. To maintain the company's current position in the 
face of . . . competition. This is called product 
maintenance and consists of improving existing 
products and processes. . . . The amount we must 
spend on such work in relation to sales or profits 
depends upon the nature of the business and 
specially upon the caliber of our competition. 

In the packaped Food field in which competition 
is tremendous, today's market leader soon becomes 
tomorrow's "Model T" unless a new and improved 
model is constantly in course of development, 


To insure continuation and growth into the 
future. Two types of research contribute to 
this purpose, viz., (1) fundamental research 

in the company's field of interest, and (2) 
development of new products. Since the amount 
of product maintenance research is largely 
determined by what must be done to keep abreast 
of competition, fundamental research and new 
product development constitute the principal 
areas where decisions must be made relative to 
how much and what kind of research te carry on.+ 


RD 
€ 





% 

“Ralph tt. Manley, “Translating Economic Aspects of 
Company Policy into Research Policy," paper presented at 
the Fifth Annual Conference on Industrial Research, Columbia 
University, »954, quoted in N.A.C.A. Bulletin (June, 1955), 
pe ae is. 
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It is obvious from the above paragraphs that 


there is ne best method or technique in establishing the 





amount to be spent on research and development projects. 
Some companies use a rule-of-thumb method, others use a 
Sales projection figure, others may use a sophisticated 
formula, and others may use intuitive judgement. Whether 
one of the above or a combination cf various methods are 
used, the amount determined for the research budget is the 


first step in management financial control of the research 


activities. 


Preparing the detailed budget 





The process of preparing the research budget diff 


considerably from that followed in preparing a manufacturing 


budget. In preparation of the latter, management bepins with 


the expected volume of production or sales, whereas the 


detailed budgeting of research costs starts with the considera- 


tion of personnel and facilities available. The number of 


rae 


qualified scientific and technical personnel is the key te 
the research budget. 
Generally the detailed research budvet is divided 


into two separate documents, one by source of expense and 


another by projects. 


Souree of expense budget.--The first of the two types 


of budget presentations iS comparatively easy to prepare 


e « 


The degree of complexity is largely dependent upon the amount 
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95 
of meney involved, the size of the research organization, 
and the amount of detailed information required. The basic 
classifications would inelude: payrolls, supplies and 
materials, and other direct operating costs. A description 
of some of the typical classifications of the expense budget 
are outlined below: 
1. The payroll section might inelude: 
a. Salaries of professionally trained scientists 
b, Saiaries and wages of laboratory technicians, 
draftsmen, etc. 
c. Wages of service employees, etc. 
d. Wages of hourly workers borrowed from 
operating departments as required, 
2. Materials and supplies consist of two major 
categories: 
@e Expendable equipment purchased for specific 
projects 
b. Supplies and materials of a more permanent 
nature 
3. Other direct costs; 
a, Books, periodicals, professional dues, etc. 
b. Travel expenses 


Taxes, depreciation, and insurance 
1 


Q 


ervice facilities 


tf 


cy Costs cf 





ds ot e 
f4daclph G. Larie, “Controlling Research Costs with 
get," Administrative Control and Executive Action, eds. 
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The project budget.-~Although it once was common to 
budget only the total R and D cost, now only the smallest of 
organizations budget without the project budset. Most companies 
feel that the important phase of research budgeting for cost 
control is the project budget formulation. Major classifica- 
tions of the project budget might include: 

1. Improvement in the manufacture of present products 


2. Research and development of new products 


CaS 
e 


Projects requested by customers or other departments 


ee 
ope 
¢ 


Fundamental or basic research having no commercial 
value 

S$. Balance vailable for prejects to be authorized 

at some future ne 

Figure 9 is a sample project budget similar to the 
type deseribed above. The total of the various items in this 
budget should agree with the amount indicated on the source 
of expense document. The total budget amount for each project 


gs an important factor for management control purposes. Control 


bts 


of the total expenditure should be maintained to decide whether 
a project should be continued or scrapped. A more detailed 


* 


type of project budget is shown in Figure 10, 





8. C. Lemke and James Don Edwards (Columbus, Ohio: Charles 
Ee Merrill Books, Ine,, 1964), pp. 279-2860, 
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Tigure 9.--Research and Development Project Type Budget.® 
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RESEARCH AN 
R 


Year End 


D DEVELOPMENT DIVISTON 


roject Budget 
ed December 31, 1962 


Current 
Budget 


1. Present products 


a, Projects in 
(1) Product 
€2) Product 
(3) FPreduct 


b. New Projects 
(1) Product 
(2) Product 


progress 

x improvements $ xxxx 
y usage XXME 
% quality XXXK 
x new process XHKX 


y quality control xxx 














(3) Product zZ new use xMEY 
Total present products NAAR 
2. New Product Research 
&. Projects in progress 
(i) Product xx MXNXX 
(2) Product yy MXXX 
b. New Projects 
(1) Product P XER 
(2) Product Q XXNX 
(33 Product P MME 
Total new products ¥XYXN 
3. Basic Research 
a. Projects in progress 
(1) Item 3 KXMN 
(2) Item T XM RX 
be New Projects 
(1) Item U MXKX 
(2) Item V XEN 
Total basic researcn XXXX 
bh, Balance for unauthorized 
projects eK 
SXKKXRX 


Prior 


Expendi- 


tures 


S$ XXXX 
XXX 
XXEX 


RAM 
ARK 





aA 
RXXM 


MMAM 
ABRK 
ABB 


KAAK 





ZRRXH 
ANAK 


MAGAK 
MARA 


KXAN 





AXE 


SARAKA 


Total 
Author- 
ized 


§ Mxxx 
*EMX 
XXX 





RAMS 
AXE 


ARAAK 
MKXK 
MARK 


RXAK 





KRAAM 
AKMK 


RHA 
XXKX 


XAKX 





XUXX 
SXXXXX 
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Adolph G. Lurie, "Controlling Research 


Costs with a Budget," Administrative Control and Executive 


Action, ppe 282-283. 
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Figure 10.--Detuiled project budget for R and Dp 
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Expense Expense Expense Expense 
Pd. i Fd. 2 Pd. 3 ra. | 

Labor 

le vss Jones XX XXX Kx XX 

2. UP. Sngee HX ~ IN REX 

3. Technietian ~ MRM - “KX 
Total BDipect Labor XXX XX XX xxx 
Fringe Benefits 

(12% of direct labor) XX RX MXX XXX 
Materials and supplies 

(8% of direct labor) RMX MUX XXX XX™ 
Special materials 

1. X-ray Equip. - - XxX xxx 

2. Shielded room ey ~ XX XXX 
Miscellaneous 

le. Consuitant fees xMX XKX xxx - 

2. Travel expenses ex ~ ~ “xX 
Total Cost for period CNR XXKXX XXXX vx. 





& —_— aie . ; 
Source: James Brian Quinn, "Budgeting for Research," 
Handbook of Industrial Research Management, Figure 3, p. 303. 
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Seme companies only budget labor costs by projects 
because they feel that material and supplies costs are not 
worth detailed planning. These companies normally include 
materials and supplies on a separate expense budget. Tew 
companies budget overhead directly to projects unless the 
work is being sold to an outside organization. Government 


contracts usually include the overhead costs, and therefore 


this item should be included in the separate project budget. 


The Capital Budget.-~Along with the classification 
and project budgets, research groups frequently prepare a 
pital acquisition plan. This plan or budget usually 
includes such items as special or general test equipment. 
Although this equipment may be directly associated with a 
roject included in the project budget, it is usually sub- 
mitted separately. In addition, most organizations realize 
that it is not possible to forecast all equipment needs, and 
eonseguently, the capital plan often includes a large 
miscellaneous section. 


Once the res ch budgets are prepared, they provide 


the basis for subsequent control to make sure that plans and 


proiectsS are carried out in accordance with preseribed objec- 
tives. As the projects and programs continue, management 


a 


hould periodically review and make budget revisions. Unused 


£3 


funds are shifted from one project toe another, new products 


are introduced, and unpromising projects are discontinued. 





106 


Caer Contre 


Generally, the objective of a financial control 
system is to ensure that a company does not run out of money. 
The major objectives of a Financial control system of any 
activity within a company would include the following: 

1. To provide cost information useful in planning 
and controlling cost of research. 

2. Yo determine the amount of research cost 


applicable to various prejects, products, and processes. 


e 


3. To provide data for periodic company financial 


reports. 

Although the objectives of cost control within a 
research activity are the same as other activities within a 
coneern, the technique involved is ordinarily somewhat 
different because research activities are largely non-repeti- 
tive and the end product may be only basic knowledge rather 
than a tangible product or process. 

Control over research costs is concerned primarily 
with keeping actual costs in line with the budgeted estimates. 
Generally the purposes of cost control in its application 


to research activities are: 





Walter BE. McFarland, “Research Cost Accounting 
and Control," Handbook of = strial Research Management, 
ed, Carl Heyel, p. 314. 
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1. To make sure that the plan expressed in the 
budget is followed by directing funds into 
projects of types desired. 


2. To avoid spending research funds on nonproductive 
or nonresearch activities. 


3. To stimulate an attitude of dollar-consciousness 
so that research personnel will attempt to 
perform as much research as possible for the 
funds available, 


4, To keep the total spent for research within the 
limit set by the appropriation for the period,.- 


Defining fnosts 


A clear definition of what is to be included in 
research and development costs is required as a basis if 
costs are to be used as reliable guides in managerial decision 
making. Maurice d. Moss has described one company's practice 
as Follows: 
what Should Be Included--~ 


Ll. Pure research, i.e., direct research or experimentation 
on general problems having no particular connection 
with the various products currently being manufactured 
by the plant. . 


2. Projects directing experimental or developmental 
effort toward the creation of new processes or 
new product or group cf products to be manufactured 
by the plant. It is not intended that this should 
cover minor changes in which an existing product 
ig replaced by, or improved by another. Major 
developments resulting in an entirely new product 
or precess should be included, although they replace 
current products. 


3. Protects directins experimental or development 
effort toward any improvement to a specific product 
already being manufactured by the plant or an 








1 
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improvement in an existing process. This 
caterory would include any work necessary to 
correct production difficulties which have 
existed in products or precesses since the 
product was considered acceptable for the trade. 


u. All further work beyond the developmental stage 
necessary to get a new product, model, or item 
of equinment ready for normal production and sale. 


§. Projects for the purpose of designing and constructing 
hew types of equipment or improvements to existing 
equipment which shall be used in our manufacturing 
processes and which will effect a change in any 
existing process in the plant. 


What Should Wot Be included-- 


le Technical advice or service rendered to production 
departments in order to help them out of difficulty 
or to carry on their normal operations. 


2. Trouble shooting which is necessary to correct 
production difficulties which occur from time 
to time and which have reduced normal standards 
OF products or processes. 


Gs 
° 


Any other work done which is essential to normal 
operations (in contrast to new work which can be 
dene, or not done, depending on the wishes of 
management). 


4, The cost of producing, experimentally or otherwise, 
any material or article on the specific order of 
& customer when the material or article cannot 
reasonably be expected to lead to a product which 
will be added to our regular line. 


tn 


ary for normal production 


. Routine tests necess 
ular product. 


Cc 
procedure on 4 re 


e 
te 
u 


Classifying costs 





In classifying research costs it is essential to begin 





“Maurice J. Moss, "Development Costs Incurred in the 
Plant," N.A.C.A. Bulletin (May, 1954), pp. 1115-1116 quoted 
in "Accounting for Research and Development Costs," MA.C.A. 
Bulletin (June, 1955), pp. 1384-1385, 
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with the purposes for which the costs are desired by management 
at various levels. In classifying research costs answers 
to the following questions should be considered: 

1. Wow much was spent for R and D? 

2. Who spent it? 

3, For what were the costs incurred? 

4h, What was the application cf the research effort? 
(i.¢., classification by project and division.) 

In accounting for the tetal expense for research, 
one or more control aceccunts are needed. For example, a 
company might use these accocuntsS: research expense, which 
would include the costs of operating a research center, pilot 
plants, cutside services, and staff expenses; research develop- 
ment expense, which would include tests made by the company 
at the request of the R and D center; and engineering develop- 
ment expense, which would include costs incurred in the 
development and application of a new product or process. 

In determining the amount spent on research and 
development, a clear understanding of what is to be included 


n research costs must be established. Since the research 


tse 
9 


department must justify expenditures in terms of results, 
it should only be charved with the costs of research activi- 
ties. For example, fundamental er basic research should be 


ineluded, since it covers work leading to new technology 





(erarleand lec, wort., psaei7. 
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although the work may have no bearing on present products. 
At the same time, other items seem to get into the research 
budget although they should not be there. For example, the 
cost of technical advice to help the product department out 
of difficulty; trouble shooting to correct product errors; 
cost-reduction activities in the production department; and 
technical services to the marketing department do not belong 
in a research account. All work of a service nature should 
be charged to the department for which it is performed. 
Another important decision is to establish when 

research responsibility and cost ends. The following guides 
have been used in terminating costs: 

lL. When production accepts the product or process. 

2. When commercial sale begins. 


3. When a pilot plant produces small quantities for sale. 


2 
Ph 


4, When the product is turned over to the engineering 
department for commercial design. 


{% 


5. When production drawings, a working model, and 
Standard manufacturing practices are complete. 


& When the product has been manufactured long enough 
to show thet it can be produced in quantity. 


7. When the preduct is transferred to a manufacturing 
company or product division. 


The answer to the question, "Who spent it?" is 


fairly easy if responsibility codes are established. By 





"Controlling the Costs of 


trdward P. Burnham, 
e Control and Executive Action, 


Research," Administrativ 
Pp» 273-274, 
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establishing codes to identify various laboratories and 
subdivisions, the spender can be readily identified. 

For proper planning and control, management must 
know For what purpose costs are incurred. Research costs 
arise from such basic Sources aS salaries, supplies, and 
rent. However, other expenses peculiar to research activities 
are also incurred. The various sources or items of expenditure 
should be established which will be most helpful to management 
control. 

Financial control is primarily exercised by controlling 


« . 


the application of effort and facilities to the various 
programs and projects. Here it is important to know how 
much was spent by type of research and for individual products 
or processes. A cumulative record of costs incurred as work 
progresses on individual projects is essential to financial 
eantrol, 

The obiective of cost control is not to reduce the 
ameunt spent on research. If the actual amount of funds 
spent for research is less than the budgeted amount it is 
likely that the planned work is not progressing as it should. 


2 


Cost control is attained by the control of time, supplies, 
and services devoted to the research effort. 
in research a considerable portion of the expense 


is composed of salaries and charges related to plant and 


equipment. These costs are more cor less fixed as long as the 
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program is not altered. Records showing how employees 


ing used is one of the most useful management 


i 
ee) 


- 


time is 


wa 


u 
eentrol tools, One of the important aspects of cost control 
as applied to research and development is summed up by Walter 
B. MeFarland, Manager of Research, National Association of 
Accountants when he says; 

» » « in applying control techniques to research 

costs, time of scientists and technicians should 

not be consumed with avoidable paper work, nor 

should accounting requirements restrict research 

operations. Instead, the proper function of account- 

ing is to help research management get more research 


for the Funds available and to relieve research 
personnel of financial record-keeping functions. 


Matching R and D cost with sales income.--Twso 
alternatives are available for matching research and 
development costs with sales income: 

le Charge cost against sales income of the period 
in which the costs are incurred. 

2. Defer research costs and amortize these costs 
over subsequent pericds. 

Usually costs are charges against current expenses 
for the following reasons: 

1. Research is a recurring annual cost of continuing 
in business. In many respects, it is similar 

to advertising and general administrative expenses. 

To expense such costs and to take them as a tax 


deduction in the year incurred is generally con- 
sidered to be sound financial management. 





‘wMoParland, oes Beas ps 330. 
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Benefits from specific research expenditures 

are always uncertain and years may pass before 
success or failure of a project becomes apparent. 
To defer cests cf a project until the cutcome 

is known may result in building up a large asset 
account balanee of uncertain value. If this 
accumulation of costs then has to be written off, 
annual profits may be distorted. To avoid such 
problems, management usually prefers not to 
capitalize research costs. 


Benefits received from research can seldom he 
related tc sales income received in any given 
period, Many projects which fail to accomplish 
their objectives yield incidental knowledge 
which proves to have great value at some future 
time. Moreover, the useful life of knowledge 
gained by research cannot be predicted with 
sufficient reliability to guide amortization 

of costs over the future periods benefitted. 


Fallure to match costs and income from individual 
projects does not distort annual net income when 
research costs are consistently expensed, if 

the amount spent for research is reasonably 
stable from year to year.- 


Certain conditions may lead companies to defer 


research and development costs. The principal conditions 


under which deferral may be considered are: 


a 


ade 





When research of major scope is done for 
outsiders on a contract basia, costs applicable 
to each contract are accumulated and charged 
against income from the contract when the 
customer is billed. The situation is analogous 
to manufacture of peods to a customer's order, 
and the same methods of accounting for costs 

by job orders are appropriate. 


Costs incurred for research projects which 
require unusually large expenditures for a 
specific income-preducing objective .. . 
are sometimes temporarily capitalized. 
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After income from the project begins to 

Flow in, the accumulated research costs are 
amortized over a period of two or three years. 

» « « Capitalization under such circumstances 
carries the risk of serious impact on a compe ny ' 
finanelal position if a project fails. .. .+ 





Nie 


Ltbid., pp. 332-332. 





CHAPTER VI 
PATENT MANAGEMENT 


The philosophy which forms the basis for the Anerican 
patent system was framed by our forefathers in the American 
Constitution: 


The Congress shall have Power .. . To promote the 
Progress of Seience and useful Arts, by securing 
ror limited Times to .. . Inventors the exclusive 
Raght to their o @ 6 Discoveries; © ¢ = 


The intensive interest of the founders ... 
is further evidenced by the fact that George 
Washington, in his First Message te Congress, 
stated, "I cannct forebear intimating to you the 
expedience of giving effectual encouragement . «. .« 
to the exertions of skill and genius in producing 
new and useful inventions." 


The patent laws of the United States were contemplated 


ted States Constitution and are 


jade 


by the authors of the Un 
today codified as Title 35 of the United States Code. No 
discussion of the managerial aspects of industrial research 
and development would be complete without considering the 
business and legal considerations of patent policies. 


Management must be knowledgeable in both of ‘these areas. 
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Basically, the purpose of patent law is to create a 
property right for the inventor and to exclude others for 
a limited period from the use of an invention, In discussing 
the impact of patent law upon research, H. J. Sehneider, a 
lecturer on patent law has this to says: 


The patent system today, as an incentive to 
continued investment in research, appears to be 
most useful in promoting the progress of science. 
This incentive operates to bring the inventive 
fruits of research to market through the exclusivity 
offered by patent rights in recouping the cost and 
risk involved. Whether or not the patent incentive 
directly stimulates invention depends upon the 
inventor. «© « »« Some inventors chose to assume 
all the risks of making and marketing. .. . Patent 
protection i8 . . e an incentive to public disclosure 
of new inventions. . . . Whether or not secret use 
is a reai alternative to patents . . . depends upon 
the situation; a head start of a few months may be 
adequate to recoup research costs in some cases and 
totally inadequate in othere. 


There is a certain relationship between patents and 
research; the two are not inseparable. In some cases patent 
rights are vital to a company, and some research, no matter 
how useful, is not patentable. However, one thing can be 
definitely said, in looking ahead, patents and competition 
are inseparable. Companies which do not move promptly to 
patent an invention, will have no sssurance that others will 


not patent the preduct. 





toner J. Schneider, "Patents," Handbook of Industrial 
research Hanagewent, ed. Carl Neyel,y p. 158. This quote 
and subsequent comments in this chapter regarding patents are 
largeiy the work of Homer J. Sehneider, “Patents,” Handbook 


of Industrial Research Management, pp. 156-180. 
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Patent Potential 


The ultimate objective of the time, money, and 
effort spent in patenting a product or process is to create 
a larger return on investment or a greater profit for the 
company. What are some of the ways a patent can be employed 
to realize a greater profit for the concern? 

The primary use of a patent is to protect an exclusive 
market. If the patent provides a competitive advantage and 
excludes others from making, using, or selling the product, 
the company is in 4 position to maximize profits on the product. 
Cne patent alone may establish the position of the manufacturer 
and enable him to market a full line of supplemental products. 

A second use of the patent is to share a market by 
Licensing competitors. Cash returns from royalties are 
sometimes preferable when factors such as the following are 
present: 


anoat 


i 


1. The licensing of other manufacturers to as 
in expanding a market. 

2. A&A company may, for various reasons, be unable 
to supply a short-lived demand. 

3. A relatively quick return by licensing may 
hele finance further research. 

Although the primary uses of patents are indicated 
in the preceding paragravhs, other applications are worthy 


of note. One domain of research is to develop products well 
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ahead of the market. The purpose of the patent 1s to protect 
these products for future marketing. Other patent holdings 
are directed toward gaining a foothold in a new fieid. And 


still another value of the patent is tc establish a defensive 


right or priority of an invention against later inventors. 


t 
%€ 


Evaluating Patent Property 


A company involved in research ordinarily has the 
intent to create patent rights from research inventions. 
Therefore, there is a responsibility placed on research 
management to establish a patent program for acquiring title 
to patent rights. Basically, there must be an agreement 
between the research employee and employer to the effect that 
the employer has the right to inventions made by employees. 
In addition, various written records of inventions are 
important for both administrative and legal reasons. It is 
beyond the scope of this thesis to discuss the ‘details of 
these written agreements and records. 

Periodic reviews of the records and invention reports 
are essential for long range success in a patent program. 
Decisions to file patent applications are based on the 
estimate of future value of the invention, although this is 
often difficult because the projected value is frequently 
undeterminable. However, the advantages, the limitations, 
and the implications of the technological value of the 


inventions must be considered in making the decision as to the 
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feasible patentability of the product. 

The final decision to file or not to file is primarily 
an econonic one. Simply because a considerable amount of 
money has been spent in research and development is not 
sufficient reason to spend more money on patenting the results 
of research. Considerations to be taken into account should 
include: 

1. The probable value of the patent to the company. 
Management must cansider the protection of an exclusive 
market, the protection of company prestige, the morale of 
the research inventor, and advances being made by competitors 
in the field. 

2. Doubts concerning the commercial value of the 
patent, are usually resolved in favor of patenting. Very 
infrequently are cases an open-and-shut matter. Inventions 
which are considered speculative are usually promising in 
that the future is always uncertain. 

3. Timing is of the essence in filing a patent. 
Competitors may have received some publicity concerning the 
research efforts, anc a delay in filing may lead to an 
inabiiity to prove priority with respect to cthers who file 


at an earlier date. 


The Patent Counsel 


The studies of the Patent, Trademark, and Copyright 


Foundation of The George Washington University show that 
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between 1946 and 1859, thera were 527,000 patents issued.~ 
With this staggering number of patenrs the job of the company 


patent attorney to protect the company's overall interests 

is an important one. Not only does the preparation and 
prosecution of patent applications require highly specialized 
skills, but the protection of patent property requires a 

high degree of competence. Included among the more important 
Functions of the patent counsel or attorney are the Following: 

L. He must prepare in detail the applications for 
the Filing of patents in the Patent Office. Here a knowledge 
and complete understanding of the invention is necessary in 
order to eliminate non-essential details and generalizations. 

2. He usually participates in or conducts the 
negotiations involving contracts which affect patent rights. 
For example, a contract provision with the szovernmnent often 
provides for releasing patent rights in Future inventions. 

In agreements of this type, provisions must be made to 
patent inventions already made cr to exploit patents obtained 
in other areas. 

3. He must control anc supervise patent litigation 
initiated by or against the company. In addition, an 
important responsibility of the counsel is to avoid suits 
by holders of adverse patent rights. A close liaison 


between the research cepartment and the patent counsel is 





liueck, Loc. cits, p. 14l. 
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helpful in order that remedial action can be taken before 
Large expenditures are made on unmarketable products. 

in summary, all of the results of research do not 
result in inventions. Inventions are sometimes difficult 
tao come by. In the final analysis, "The variables in the 
relationship between dollars spent for research and inventive 
results can be ameliorated by patenting and skillfully 


employing the inventions made, "+ 
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SUMMARY 


When an activity grows from a very modest beginning 
to major status, it is sometines difficult te see the 
"forest for the trees." This is the case of industrial 
research and development. The position of research in the 
category of big business is cbvious after indicating sone 
of the trends in the field of research and development today 
and in the past. In 1940, less than one-half billion dollars 
was spent for R and D, and in 1961 over $14 billion was spent. 
All indications are that there will be an increased annual 
rate of spending for R and D in the years to come. The rate 
of aconomic growth which has characterizee the United States 
in the vast indicates the importance of research and develop- 
ment in American industry today and in the future. The 
expanding Gross National Product of the United States during 
the past 25 years has been accompanied by a corresponding 
or even inore rapid increase in R and D expenditures. The 
future seems clear: future economic growth means expanding 
research and development activities. 

Research and development in today's era of unprecedented 
technological activity and progress appears to have a more 
important effect in the future of a company than any other 
major effort in which a company 1s engaged. This 18 leading 


ces 
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top company executives to think more and more about the 
improvement of the management of research activities. The 
natural stimulus behind this concern stems from the rapid 
growth rate of research, #8 projected growth for the next 
decade, the role of science and technology in the economic 
growth of the nation, the interest in increased profits, and 
lastiy the need of better managenent because of increased 
competition. There is a realization on the part of management 
that research is required for competitive survival alone in 
many industries. Without a doubt, R and D has become one of 
the mator components of modern industry, and has become a 
powerful instrument in economic development and national 
prestize. 

The following facts cannot be disputed, In current 
dollars, outlays for industrial research and development 


nerease from $2.6 billion in 1954, te $10.5 billion in 1961, 


fe 


an increase of almost 200 per cent; in 1960, 387,006 

scientists and engineers were employed in all sectors of 

the ecenomy as compared with 223,000 in 1954; and the total 
number of persons employed in cempany R and D laboratories 
increased fram 200,000 im 1950, to 780,000 in 1960, during 
which time the total labor force in the United States increased 
by only one-eighth. The trends of the past decade obviously 
cannot be continued indefinitely; however, it is predicted 


thet the total spending for F and D in the United States 
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will probably reach the $15.5 billion mark for 1962, and 
it 18s probable that by 1970 $30-$40 billion will be the 
annual expenditure for research and development. In 1962 
the expenditures for space programs alone are likely to 
reach the $5 billion figure, an increase of $1.5 billion 
over 1961. 

This rapid growth and the relative newness of 
research in American industry has created many management 
problems. As a result of the need of industrial research 
For competitive survival and the resultant increased 
expenditures directed toward research and development, 
management has developed a realization that there must be 
an improvement in the effectiveness and efficiency in the 
R and D area. Directly related to effectiveness and efficiency 
of management are the problems of establishing corporate 
objectives, integrating the objectives and programs of 
research with corporate objectives, and planning, budgeting, 
and controlling the research function. 

In order to function more effectively and efficiently 
the fellowing management techniques must be considered: 

1. Total corporate objectives must be established. 

These objectives must be of such scope and 
vision sco as to provide meaningful guidance to 
research programs. In establishing a firm set 
of corporate objectives which stimulate research 


in the proper direction, certain long-range 
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corporate planning problems must be considered. 
The company must decide what kind of business it 
wants to be in and the kind of markets in which 
it will compete; the company must decide whether 
it will compete in a wide variety of products 
or concentrate on only a few major product items 
the company must determine its rate of growth 
which should be based on company advantages and 
particular limitations; and the company must 
determine to what extent srowth will depend on 
research, as growth by research is only one of 
the methods of company expansion. 
After establishing the basic corporate objectives, 
a company should look ahead to the forecasts of 
Future product needs and trends. It is important 
to consider economic, sociological, and techno- 
logical forecasts before detailed research 
programs are established. 
Return on investment and growth of earnings are 
undoubtedly the most crucial profit standards 
of a company. It is therefore necessary to 
take a close look at past and Future sales, 
profit, and capital requirements for both 


sting and proposed products and processes. 
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This should culminate in a five~ to ten-year 


corporate profit plan. 











We 


129 
The last step in the planning stage should be 
the development of an overall business strategy 
based upon corporate objectives, forecasts, and 
the projected profit plan. This research strategy 
should be based on the future market and customer 
trends, and how the company can best meet its 
objectives in light of competition and other 
opposing pressures. In general this strategic 
plan should emphasize company strengths and 
minimize to a great extent the strengths of 
competitors, The effect of this overall plan 
should permit capitalization on long-term 
eppertunities which might be difficult to 
appreciate on a short-term basis. 
There must be established a system of selecting 
research projects that fit company operations, 
objectives, and plans for the future. It has 
been found that there is no “best" source for 
ideas and preposais for new products and processes, 
therefore all sources should be considered. in 
addition a sereening method should be established 
in order to decide upon the projects which fit 
the interests and needs of the company. Two 
epitical considerations in connection with the 
selection of a project include: (1) the amount 


of working capital available which can be devoted 
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2. 
to the project and (2) the amount of investment 
capital availeble to utilize the ultimate results 
of the research effort. Companies have been 
known to invent a product that was beyond the 
company's financial capability to commercialize. 
Research must be controlled, however the problem 
in R and D management is to strike a critical 
balance of controlling yet allowing enough freedom 
so that creative effert of the scientist is not 
stifled in the precess. One of the primary control 
tools is the research budget. The best indication 
that a manager has of what is going on is by 
studying actual expenditures in comparison with 
the budgeted expenditures. In establishing the 
research budget the amount tc be spent is an 
important decision, and various quantitative 
and qualitative factors must be considered in 
arriving at the final figure. In line with 
budgeting, control of costs plays an important 
part. Costs must be defined and classified, 
a system of cost control must be established, 
aml an important dividing line must be established 
at the point when research costs end and production 
costs begin. 
Research must be evaluated. With the anount spent 


annually for research and development, managers 
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are thinking more and more about the results 
obtained from reasearch expenditures. With an 
adequate evaluation system weaknesses of projects 
can be observed before costly mistakes are made, 
past performance can be utilized for planning 
Future programs, results of research can be 
appraised for maximum commercial exploitation, 
the output of technical personnel can be better 
measured, and comparisons with competitors are 
Simplified. There have been many methods proposed 
for the evaluation of research, there have been 
volumes written on the subject, but there is no 
uniform or generally accepted procedure for 
evaluating the results of the research effort. 
Approximately one-third of the industrial research 
laboratories have adopted formal evaluation 
procedures tc some degree, however there are 
almost aS many evaluation methods as there are 
research activities. Three dominant evaluation 
techniques are found in current thinking: (1) the 
quantitative approach which usually makes use 
of complicated formulae, (2) the qualitative 
approach which relies basically on managerial 
judgment, and (3) a compromise or integrated 
approach which combines the other two techniques 


and further subdivides the evaluation process into 
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&@ technical and economic evaluation, 
8. Management must consider the patentability 
of the product or process which has been 
developed. Patent and competition are inseparable. 
Companies who do not move rapidly and patent a 
product are liable to find themselves out of a 


market. Competition is likely to beat them to 


Some of the basic problem areas of industrial research 
management have been discussed in this paper, together with 
some of the managerial methods and techniaues used in industry 
today to cope with these problems. The public-private sector 
of research and developnaent and the associated problems have 
been intentionally eliminated as this sector would constitute 
a study in itself. The emphasis purposely has been placed 
on the various problens raced by R and D management and the 
techniques that are being used in industry today. No definite 
solutions have been proposed. The answers to the many problems 


¢ 


Faced by today's growing research activities is role of 
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research management. They must Look ahead, attempt to 

integrate the goals and cbhjectives of the company with the 
proyrams of the research activities. If there is a conflict 
between the philosophy of top management and research directors, 


both will be workinn toward endless answers. In order to 


ts 


realize corporate objectives, to maximize profits, to increase 
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basic knowledge as rapidly as possible, and to stimulate 
research activities, there must be a realization that research 


i 


{3 


net #4 separate activity. Research is a big business, and 
for maximum results there must be better overall management 


planning, evaluating, and control. 
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